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The ability of the intestinal flora of the 
rat to synthesize thiamine is no longer 
questioned, but the availability of the flora- 

sized thiamine to the host is still a 
much debated problem. Abdel-Salaam and 
Leong ('38) grew cecal bacteria in vita- 
min B,-free broth and concluded that the 
newly formed vitamin remained in the bac- 
terial cell instead of being released into the 
surrounding medium. In vivo studies of 
cecal contents by Mitchell and Isbell (°42) 
indicated that there was a greater amount 
of thiamine in the bacteria than in the me- 
dium surrounding the bacteria. They esti- 
mated that in their experiments bacterial 
production of thiamine added 8 to 18% to 
a dietary intake of approximately 30 ug. 
Later investigators noted that with diets 
containing insufficient thiamine to sustain 
growth, more of the vitamin seemed avail- 
able to the animal when antibiotics were 
included in the diet, presumably because 
of an effect of these compounds on the 
intestinal flora (Jones and Baumann, ’55; 
Scott and Griffith, 57; Wostmann et al., 
38). Mameesh and Johnson‘ administered 
tadiothiamine with the diet and estimated 
the possible isotope dilution effect in the 
liver. From their data they concluded that 
with an adequate diet, little or no flora- 

thiamine was taken up by the 

host. Mameesh et al. (59) later corrobo- 
tated by Barnes and his associates (’60), 
showed that improved growth occurred 
With a thiamine-limiting diet containing 
bre only when coprophagy was al- 
The pathway of bacterial synthesis of 
e has been investigated by many 
workers. Shimomura et al. (57) 

that synthesis was via the 

route while Yamada (’57) sug- 

that it was via the methionine path- 
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way. Previous observations in which S* 
as inorganic sulfate was fed to rabbits 
and sheep (Kulwich et al., ’57)° indicated 
that cysteine and methionine were the 
two major organic compounds in which 
radiosulfur was incorporated by the bac- 
terial flora. In this paper we report direct 
evidence that in the intestinal tract of 
the rat fed a complete diet, thiamine con- 
taining S* from S*O,~ (originally carrier- 
free H.SO,) when administered by stom- 
ach tube or cecal injection is synthesized 
by the microbial flora. Comparison of the 
thiamine concentrations in the intestinal 
contents of conventional and germ-free 
rats indicated the cecum as the major, 
if not only, site of bacterial synthesis. The 
flora-synthesized thiamine is not available 
to the host at the site of synthesis nor en 
route to its elimination in the feces (first 
alimentary passage). Furthermore, when 
coprophagy was allowed (second passage), 
there was again no evidence, under the 
conditions of the experiment, that the 
intestinally produced vitamin was avail- 
able to the host to any appreciable extent. 
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EXPERIMENTAL 


Lobund strain male and female rats of 
Wistar origin were used in all experi- 
ments. In one series in which the thia- 
mine concentrations in the intestinal con- 
tents of germ-free and _ conventional 
animals were directly compared, the germ- 
free rats were taken from the germ-free 
colony housed in the Reynier’s system 
(Reyniers, 56). The conventional animals 
in this and other experimental series were 
taken from the genetically closely related 
conventional rat colony. Sacrifice, har- 
vesting of samples and the thiamine de- 
termination were as described hereafter. 

In all other series only conventional 
rats were used. They were administered 
S*O.- by stomach tube or by injection 
directly into the cecum. The tracer was 
injected into the cecum using a tuberculin 
syringe with a no. 24 needle after a short 
incision was made in the abdomen. The 
wound was closed with surgical clips. 
The dosage of S* varied between 50 and 
500 uc in approximately 0.5 ml of 100 mg 
per 100 ml of Na,SO,. During the experi- 
mental period, each animal was housed 
in an individual screen cage (9 X 2 X 2 
inches) to prevent coprophagy. Prior to 
the experiment, all animals had been sub- 
jected to this confinement for at least 
5 hours on 5 consecutive days to condition 
them to the experimental environment. 
Before and during the experiment, com- 
plete diets (L-356 or Rockland’) and 
water were available ad libitum. The auto- 
claved L-356 diet (Larner and Gillespie, 
57) was steam-sterilized for 25 minutes 


at 123°C. It contained 60 mg of thiamine 
hydrochloride per kg before and 8.8 mg 
per kg after sterilization. The commercial 
Rockland diet contained 4.4 mg per kg 
The experimental period ranged from 
three to 48 hours. One 48-hour experi- 
ment was conducted in which approxi- 
mately one-half the animals were allowed 
coprophagy by normal housing, and in the 
other half coprophagy was prevented as 
described above. At the end of the period, 
the animals were anesthetized with ether 
and decapitated. The liver, heart, feces 
and contents of the small intestine, cecum 
and colon were frozen and stored (—24°C) 
for later analysis of total thiamine and 
radiothiamine. 

The xiphoid process was also isolated, 
washed with saline, acetone and ether and 
dried in an oven at 100°C (average 
weight, 6.8 mg). Pelc and Glucksmann 
(55) found a rapid uptake of S* by the 
xiphoid process of the mouse after injec- 
tion of 250 uc of the tracer intraperitone- 
ally. This suggested that the uptake of 
S* in the xiphoid process of the rat could 
be used to detect a possible effect of the 
tracer dose on the rate of absorption from 
the gastrointestinal tract and thus gauge 
the normalcy of the tract under the ex 
perimental conditions. The observations in 
table 1 show that absorption apparently 
was not greatly affected by dosages rang- 
ing from 50 to 450 uc. Furthermore the 
data in table 2 indicate that the highest 
dose used (500 uc) did not result in any 


® Rockland Rat Diet, A. E. Staley Manufactur 
ing Company, Decatur, Illinois. 


TABLE 1 
Radioactivity of xiphoid process after administration of S*O,= 





Counts/mg/min. at time of sacrifice recalculated to dose = 10° counts 











Total counts 7 hours 24 hours 
administered ad ee 
Stomach Cecal Stomach Cecal 
tube injection tube injection 
2x "107=50 ue 142(2)! —? 92(2) —_— 
3.3 x 107 108(2) 88(3) 110(1) 88(3) 
4.0 x 107=100 uc 
6.8 x 107 164(3) 100(2) _— 88(3) 
1.0 x 10®=250 uc _— 64(5) — 46(2) 
1.4 x 108 — 61(6) -- oe 
1.8 x 10°= er 161(3) _ 99(3) — 





* Numbers in ‘parentheses denote total animals used. 


— Not determined. 
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TABLE 2 


Comparison of micro-organisms of ileum in untreated rats and rats administered 
500 we S*O,= by stomach tube’ 











_ Treated Untreated 
= — Rat no. 1 Rat no. 2 Av. 3 rats Range 
Total count (aerobic ) 10.8? 9.6 9.6 (8.6-9.8 ) 
Total count (anaerobic ) 10.7 9.4 9.8 (8.5—10.2) 
Lactobacilli 10.7 9.4 9.8 (8.6—10.2 ) 
Streptococci 9.4 8.4 8.0 (7.7-8.3) 
Coliforms 5.6 7.9 5.8 (5.7-5.9) 
Yeasts 7.2 7.7 8.3 (7.7-8.7) 
Micrococci 3.9 4.3 ? ( 06.1) 
Clostridia 0 0 6.4 (4.0-6.9 ) 





1 Time of sacrifice, 7 hours. 


2 Values expressed as log of numbers per gram dry weight. 


major changes in the intestinal flora, ex- 
cept for a possible absence of Clostridia 
in rats which received this dose. 

Thiamine was determined by a modifi- 
cation of the thiochrome method as out- 
lined by Bouman (48). Bound thiamine 
was freed by adding 50 mg of papain and 
25 mg of takadiastase at pH 4.6 and incu- 
bating in a water bath at 45°C for two 
hours. After precipitation of the proteins 
with 10% trichloroacetic acid and centrif- 
ugation at 1600 rpm, the supernatant was 
decanted. Twenty-five milliliters of sat- 
urated NaCl solution were added to the 
supernatant and the volume was brought 
to 80 ml with distilled water. After ex- 
traction with isobutanol to remove inter- 
fering substances, an aliquot of the aque- 
ous phase was taken for direct chemical 
determination using a Coleman photo- 
fluorometer. 

To obtain a correct impression of the 
radioactivity of the thiamine isolated from 
the intestinal contents, heart and liver, 
high purity of the final samples was a 
first requirement. To achieve this, the re- 
mainder of the thiamine-containing aque- 
ous phase was treated as outlined here- 
after, but only after 1000 ug of nonradio- 
active thiamine dihydrochloride’ had been 
added to insure a fair recovery. 

The remaining solution was passed 
through a Decalso column, followed by 
adsorption of thiamine on franconite (a 
type of fuller’s earth) and subsequent elu- 
tion, oxidation to thiochrome and extrac- 
tion into isobutanol. The thiochrome from 
this solution was then absorbed on a 
second Decalso column, eluted with 10 ml 


of a 10% NaCl solution adjusted to pH 1, 
and in this solution selectively precipi- 
tated by adding a solution of Reinecke 
salt in CH;OH (Bandelin and Tuschoff, 
53). 

The precipitate was dissolved in a 1:1 
(vol/vol) mixture of acetone-isobutanol. 
Aliquots of the dissolved precipitate were 
then used as follows: (1) extracted into 
isobutanol and read in a photofluorometer 
for a direct determination of the recovery 
of the original and added thiamine (mak- 
ing possible the calculation of the amount 
of thiamine which was derived from the 
original sample and which was present in 
the aliquot); (2) placed on a filter paper 
disc in a stainless steel planchet, air dried, 
and counts taken using a Tracerlab TGC- 
14 counter; and (3) spotted on Whatman 
no. 1 filter paper. Ascending chromatog- 
raphy was run using as a solvent 1-pro- 
panol/water/acetate buffer pH 5 (70:20: 
10) (Siliprandi and Siliprandi, ’54) in an 
apparatus described by Huo Ping-Pan 
(56). The paper was air-dried and passed 
through an isotope chromatogram scanner 
which was connected to a recorder. The 
speed of the recorder and scanner was 
1.5 inches per hour. The peak of radio- 
activity coincided with the thiochrome spot 
(fluorescing in ultra-violet light) (fig. 1). 
Rf values of the unknown (presumably 
radioactive thiochrome) and of a thio- 
chrome standard* under the same condi- 
tions were each about 0.68. The thio- 
chrome spot was then cut out of the 

7 Merck and Company, Rahway, New Jersey. 


* Nutritional Biochemicals Corporation, Cleve- 
land. 
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Fig. 1 











Chromatogram of thiochrome (isolated by precipitation with Reinecke salt in 


methyl alcohol; see text) showing the fluorescent spot of thiochrome coinciding with the 


peak of radioactivity recorded by the chromatogram scanner. 


Solvent, 1 propanol/water/ 


acetate buffer pH 5 (70:20:10). Speed of recorder and scanner, 1.5 inches/hour. 


chromatogram, placed in a planchet and 


counts taken on it. The counts were ap- 
proximately one-half the value described 
previously under (2). Knowing the amount 
of thiamine originally present, under (1), 
and the value from (3), the specific ac- 
tivity was calculated and expressed as 
counts/ug of vitamin B,/minute. 


RESULTS AND DISCUSSION 


Many authors refer to the cecum and 
the colon as the main sites of microbial 
synthesis of vitamins (Guerrant et al., 
34, °35, °37). In table 3 the thiamine 
concentration in the contents of the diges- 
tive tract of conventional and germ-free 


rats is compared. In the tract of the germ 
free animal the amount of vitamin 8, 
decreases from the upper part of the intes 
tine to the colon. In the conventional rat, 
however, the vitamin content decreases in 
the small intestine but shows a shap 
increase in the cecum. These data uw 
questionably confirm that in the case of 
thiamine most of the synthesis by th 
microbial flora occurs in the cecum. 
The radioactivity of the thiamine in th 
various parts of the intestinal tract after 
radiosulfate administration are shown it 
tables 4 and 5. This indicates that th 
intestinal flora produces thiamine with 
the incorporation of S*O,~, directly or via 


TABLE 3 


Thiamine in contents of intestinal tract of 100-day-old germ-free and 
conventional rats fed diet L-356 





Type of Intestine, 
al middle third 


Intestine, 
lower third 


Cecum 





4.5+0.4'(6)? 
8.7+0.3(6) 


Germ-free 
Conventional 


2.3+0.1(16) 
4.5+0.2(13) 


ug/gm dry weight 
1.9+0.1(17) 
8.5+0.4(19) 





1 Standard deviation of the mean. 


2 Numbers in parentheses indicate total animals used. 
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TABLE 4 


Specific activity of thiamine (counts/ug/min.) in intestinal contents after adminis 
of S*O,= by stomach tube to adult conventional rats'!“4 Pett 





Time of 
sacrifice 
Chours) 


Dose 


Lower third 
small intestine 


Cecum 


No. of 
Colon animals 





uc 
200 


400 
4X 200/12 hours 
4 Xx 200"/12 hours 48 


+¢ 
tt] 


7 
24 
48 


approx. 130 
+ 


79+ 125 —? 
52+6 

315+12 
303 + 16 


292+ 16 
324219 





1 Recalculated on the basis of a dose=10* counts. 
2 Coprophagy prevented except where indicated. 


3All animals fed Rockland diet. 

4 Indicates trace. 

5Standard deviation of the mean. 
* Indicates activity not determined. 
7 Coprophagy not prevented. 


TABLE 5 


Specific activity of thiamine (counts/yg/minute) in intestinal contents after injection of 
S*0O,= into cecum of adult conventional rats'# 





Time of 
Diet 


No. of 


Cecum Feces 





3 L-356 
5 L-356 
7 Rockland 


200 24 Rockland 


360 + 23° 
186+ 23 
512+81 
256 + 42 





1 Recalculated on the basis of a dose = 10* counts. 


“Indicates activity not determined. 


aprecursor, and again points to the cecum 
as the main site of synthesis. The specific 
activity observed in the colon and in the 
feces at best is equal to or otherwise 
slightly lower than the specific activity 
noted in the cecum. After administration 
of the tracer by stomach tube (table 4) 
the specific activity observed in the small 
intestine is much lower than that in the 
cecum. This radioactivity may be due to 
flora synthesis but could also be caused 
by reverse peristalsis from the cecum. 
Further analysis of table 4 shows that the 
final specific activity reached by the thia- 
mine fraction is substantially higher if 
4 doses of 200 uc are given at 12-hour 
intervals rather than the administration 
of a single 200 uc dose. A more continual 
supply therefore insures a higher degree 
of incorporation of the tracer into the 
vitamin B, molecule. Injection of the sul- 
fate directly into the cecum permits the 
tracer to reach the main site of bacterial 


synthesis without loss, and results in a 
much higher specific activity than found 
after administration by stomach tube 
(tables 4 and 5). The data in table 5 
also indicate that, after cecal injection, 
maximum activity is reached. approxi- 
mately 7 hours after administration of the 
sulfate. 

The specific activity of the vitamin B, 
in the cecum was high after both cecal 
injection and prolonged administration by 
stomach tube. Since the heart is known 
to contain a relatively large amount of 
thiamine and since the liver is one of the 
first organs in which this vitamin should 
appear after absorption from the gut and 
transportation via the portal system, these 
organs were analyzed for radioactive thia- 
mine. In all experiments, however, both 
hearts and livers were for all practical 
purposes devoid of any labeled thiamine. 
This suggests that the flora-synthesized 
thiamine was not available to the host to 
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any appreciable extent—not even in the 
48 hour experiment in which coprophagy 
was allowed. Assuming that, especially 
after administration of S*O,~ by stomach 
tube, most of the tracer is absorbed from 
the intestinal tract, the above observation 
also excludes tissue synthesis of a pattern 
found in intestinal bacteria. 

One restriction has to be made in all our 
conclusions, namely, that the present ex- 
periments do not exclude the theoretical 
possibility of a thiamine synthesis using 
nonlabeled precursors and that this par- 
ticular synthesis could lead to an absorb- 
able form of thiamine. 

Earlier workers had come to the con- 
clusion that flora-synthesized thiamine 
was bound in the bacterial cell rather than 
being released into the surrounding me- 
dium (Abdel-Salaam and Leong, ’38). Our 
data show that after centrifugation of a 
suspension of cecal contents in saline at 
1600 rpm, the supernatant contains two 


BERNARD S. WOSTMANN AND P. LEONARD KNIGHT 









TABLE 6 
Specific activity (SA) of supernatant versus specific activity of residue of homogenized 
cecal contents (in saline) after administration of S"O,= into 
cecum of adult conventional rats' 









to three times more thiamine (6.6 ug) 
than the residue (2.6 ug). This indicaty 
that the vitamin B; (most of it app 
formed in situ as indicated in table 3) is 
not firmly bound to cells or cell fragments 
The data in table 6 show that, at all time 
after cecal administration of the tracer, 
the ratio of the specific activity of thig 
mine in the supernatant to that in th 
cecal residue is approximately one, sug 
gesting that the thiamine fractions in th 
supernatant and residue have the sam 
history. If thiamine is formed original) 
in the bacterial cell, it is readily release 
into the environment. 

Since the hearts and livers were devoid 
of detectable radioactive thiamine, ther 
was reason for speculation as to the fom 
in which the thiamine existed in the 
cum. Therefore a determination wa 
made of the amount of free, bound (é@ 
tectable by the thiochrome method onh 
after treatment of the sample with papain 
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Diet 






SA of supernatant 


No. of rice ee 
SA of residue 


animals Av. 















L-356 
500 L-356 
200 Rockland 
200 Rockland 
4x 200 Rockland 








0.87 
1.00 
1.19 
0.90 
0.95 


Av.= 0.98 + 0.06? 






md hb OW 









2 Standard deviation of the mean. 


1 Centrifugation at 1600 rpm for 15 minutes. 







TABLE 7 
Thiamine in supernatant fraction of conventional rats after centrifugation of homogenized 
cecal contents at 1600 rpm (450 x G) and subsequent centrifugation 
of this supernatant at 40,000 rpm (105,000 x G)'# 
















Centrifugation rate for 15 minutes 























a 7 At 1600 rpm At 40,000 rpm 
Total Free Bound? Total Free Bound? 
ug ug ug ug ug ug 
1 44 0 44 3.4 0 3.4 
2 3.1 0 3.1 2.6 0 2.6 
3 1.8 0 1.8 1.5 0 1.5 











1 All operations conducted at 0°C. 
2 All animals fed Rockland diet. 


* Bound thiamine was freed by treatment with papain and takadiastase prior to deter- 


mination. 
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and takadiastase [see methods] ) and total 
thiamine in the cecal supernatant after 
the contents were dispersed in the cold 
by shaking, followed by cold centrifuga- 
tion at 1600 rpm (450 X G). Further 
analyses were made after subsequent cen- 
trifugation of this supernatant at 40,000 
rpm (105,000 X G). The results in table 7 
show the absence of any free thiamine in 
the supernatants. Furthermore, the bound 
thiamine in the supernatant decreased 
after centrifugation at 40,000 rpm. These 
data suggest that the flora-synthesized 
thiamine in the cecum is not in a free 
state and that at least part of it is bound 
to a moiety of high molecular weight, 

ably a carboxylase, which is car- 
ried down at centrifugation rates of 40,000 
mpm. Experiments now in progress, de- 
signed to study the properties of the flora- 

i thiamine, have shown that, 
concomitant with the decrease in thiamine, 
carboxylase activity in the cecal super- 
natant is reduced upon centrifugation at 
40,000 rpm. If the thiamine complex is 
a high molecular weight substance, this 
might well account for the lack of direct 
absorption of the vitamin from the diges- 
tive tract and subsequent utilization by 
the host animal. The experiments, where 
the oral administration of antibiotics to 
animals fed a thiamine deficient diet 
dearly indicated that more thiamine be- 
came available to the host (Jones and 
Baumann, °55; Scott and Griffith, °57; 
Wostmann et al., 58), might indicate that 
this flora-synthesized thiamine was avail- 
able in a more absorbable form. 

The above data and sensitivity of the 
methods described seem to exclude a 
contribution of flora-synthesized thiamine 
to the host of more than 0.5 ug per day 
when a complete diet is given and co- 
pophagy is prevented. But even when 
coprophagy was permitted and the specific 
activity of the intestinal thiamine fraction 
increased over a 48-hour period to a value 
of approximately 300 counts/ug/min., no 
tadiothiamine was observed in heart and 
liver thiamine. Apparently even under 
these circumstances the contribution of 
flora-synthesized thiamine to the host was 
low and relatively unimportant. 
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SUMMARY 


S*O.- was administered by stomach 
tube and cecal injection to adult rats to 
study the availability of flora-synthesized 
thiamine. The flora of the digestive tract 
was found to incorporate radiosulfate into 
the in situ formed thiamine molecule, pos- 
sibly via the cysteine or methionine routes. 

The main site of microbial synthesis 
was in the cecum, although the possibility 
of synthesis in the small intestine could 
not be entirely excluded. Little or no ab- 
sorption of the flora-synthesized radiothia- 
mine occurred as shown by the lack of 
radiothiamine in hearts and livers. The 
contribution of the intestinal flora towards 
the thiamine requirement of the host thus 
seems at best low and relatively unimpor- 
tant. Since most radiosulfate is absorbed 
as such from the intestinal tract, the 
negative findings in hearts and livers also 
exclude tissue synthesis of a pattern found 
in intestinal bacteria. 

Upon centrifugation of a homogenate 
of cecal contents at 1600 rpm, the cecal 
supernatant contained two to three times 
more thiamine than the residue, although 
the specific activity of the thiamine of 
each was approximately the same. The 
thiamine in the cecum appeared to be tied 
to a large (possibly apo-coenzyme) com- 
plex. This, indeed, might account for lack 
of utilization of flora-synthesized thiamine 
by the host animal. 
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Previous studies have shown that con- 
malformations may be produced in 
vitamin E-deficient rats fed a semisynthe- 
tic ration under certain specific conditions 
(Thomas and Cheng, 52; Cheng and 
Thomas, ’53).* Since rats receiving a pure 
synthetic vitamin E-deficient ration can 
also produce young under identical condi- 
tions (Cheng et al., 60), it seemed worth- 
while to determine chemically the level of 
vitamin E in some maternal and fetal tis- 
sues in the hope of gaining some insight 
into the manner in which the rat utilized 
and stored the vitamin under vitamin E- 
sufficient, vitamin E-deficient and mar- 
ginally E-deficient conditions. Giroud and 
Boisselot (60) showed that in pantothenic 
acid deficiency teratogeny was due to a 
slight degree of maternal deficiency. In 
the present study any possible differences 
between the tissue tocopherol levels of the 
normal and abnormal fetuses were investi- 


Tocopherol serum levels of various ani- 
mals are summarized in table 1, while the 
values for liver and muscle are given in 
table 2. The tocopherol level in the tis- 
sues varies in different animals and under 
different dietary conditions. Generally, 
graded doses of the vitamin cause a pro- 
portional increase in the tissue vitamin 
levels, but the liver takes the main share 
of the ingested vitamin (Bratzler et al., 
30). Quaife (’52) reported that about 
10% of the dose was in the liver of the 
tats, but the stores did not seem to be 
maintained for long. In the human, vita- 
min E occurs mainly in the adipose tissue 
which contains 65 to 75% of the body’s 
Vitamin store, and only a small portion in 
the liver (Kodicek, 54). Premature in- 


|. Norarrion, 74: ’61 





fants have higher tocopl.erol reserves than 
the mature new-born. The amount of to- 
copherol increases with age, mostly in the 
body fat. In advanced age, however, a 
sudden drop occurs in the vitamin E con- 
tent in the liver, body fat and elsewhere.* 


MATERIAL AND METHODS 


The Holtzman rats used in these experi- 
ments were fed the pure synthetic vitamin 
E-deficient ration (PSR1, Cheng et al., 60) 
from weaning until the end of gestation. 
The breeding procedure has been reported 
before (Cheng and Thomas, ’53; Cheng 
et al., 60). As soon as the rats were mated 
they were separated into different groups. 
Rats in the positive control group that had 
received 2 mg of dl-a-tocopheryl acetate 
(in 1 ml of corn oil by stomach tube) daily 
during the first 5 days of gestation were 
considered vitamin E-sufficient. Those in 
the negative control group without any 
supplementation were vitamin E-deficient, 
and those in the experimental groups with 
either 2 or 4 mg of vitamin E supplemen- 
tation on the 10th day of gestation were 
marginally deficient in vitamin E. At term 
the blood of both the mother rats and the 
fetuses was obtained by heart puncture. 
For the fetuses the blood usually had to be 
pooled from two or three animals for a 
large enough sample for the tocopherol 
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determinations. The blood samples in the 
6 X 50-mm tubes were allowed to clot and 
then centrifuged to obtain the sera which 
were frozen at —20°C until the time of 
assay. The liver and the thigh muscles of 
the mother rats together with the liver and 
the carcass of the young were weighed, 
placed in 95% ethanol and stored in the 
refrigerator. 

For the liver, muscle and carcass vita- 
min E determinations the method of Swick 
and Baumann (’52) was used. For the 
total tocopherols in serum the micro- 
method of Quaife et al. (49a) was adopted 
with minor modifications in the quantities 
of reagents used, as follows: 

Procedure for standard curve. One- 
hundred-and-eighty mm’ of standard solu- 
tion of a-tocopherol in absolute ethanol 
were put in 6 X 50-mm tubes fitted with 
corks covered with aluminum foil; 60 mm* 
of distilled water were added to this solu- 
tion; 240 mm* of xylene were then added 
and the tube was shaken until the mixture 
appeared homogeneous. The tubes were 
centrifuged for 10 minutes at 3000 rpm; 
160 mm* of supernatant xylene were then 
transferred to another 6 X< 50-mm tube 
and to it were added 160 mm?® of 2,2’ 
bipyridine (0.120 gm/100 ml). The con- 
tents were thoroughly mixed; 240 mm* of 
this solution were transferred to Beckman 
cells and the absorbance read at 460 mu 
to determine the amount of carotenoids in 
solution. Then 50 mm’ of ferric chloride 
solution (120 gm/100 ml absolute ethanol) 
were added and the absorbance read at 
520 mu after an interval of three minutes 
for the development of the Emmerie-Engel 
reaction color (Emmerie and Engel, ’43). 
Alinear graph of absorbance, at 520 mu, 
against quantity of a-tocopherol was then 
plotted after a series of readings was made 
m solutions ranging in concentration 
from 0.125 to 2 mg per ml. 

For serum tocopherol determinations 
the same procedure was followed except 
that distilled water was replaced by the 
strum sample and the standard solution 
had a concentration of 0.5 mg of a-tocoph- 
etol per ml. The added tocopherol was 
hecessitated by the low level of this vita- 
min in the serum. In the final calcula- 
tions due corrections were made for the 
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added amount of tocopherol and the caro- 
tenoids in the blood. 

From 5 additional experiments to de- 
termine the precision of this analytical 
procedure, 0.125 to 2 mg/ml of a-tocoph- 
erol were added to small amounts of sam- 
ple and an average of 96.5 + 1.7% of the 
added tocopherol was recovered. 


RESULTS AND DISCUSSION 


The results of the chemical assays are 
summarized in table 3. 

Maternal serum tocopherol content. The 
serum tocopherol content was lowest in 
the rats of the positive control group, 
highest in the negative control group, and 
intermediate in the 2- and 4-mg experi- 
mental groups. The difference between 
the positive and negative groups was sig- 
nificant at the 5% level, whereas that 
between the positive and 4-mg group was 
significant at the 1% level. The values 
of 0.637 to 0.761 mg per 100 ml were 
similar to the 0.70 mg per 100 ml re- 
ported by Quaife et al. (’49b; table 1) 
for the male rat. As shown in table 1, 
the serum tocopherol level reflects the 
dietary intake of the individual. There- 
fore, it is not unexpected to find signifi- 
cant differences between some of the 
groups in these experiments (table 3). 
Speculation on the reasons for the higher 
serum tocopherol level in the vitamin E- 
deficient mother rats than in the vitamin 
E-sufficient ones suggests the following. 
The higher level here might reflect non- 
utilization or reduced demand of the vita- 
min since there were no live young at term 
in this group. Also, the rats in the positive 
group with an average of 8 or 9 live young 
would have the lowest serum tocopherol 
level while those in the experimental 
groups with only two or three live young 
at term would show intermediate levels 
of serum tocopherol, as observed. 

Maternal liver tocopherol content. The 
liver tocopherol level of rats in the positive 
control group was the lowest, whereas 
those of animals fed either a vitamin E- 
deficient diet or on the experimental regi- 
mens were higher. As in the maternal 
serum tocopherol level, this phenomenon 
could be explained by the fact that the 
rats in the positive group gave birth to the 
average number of normal young. The 
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liver tocopherol content of rats with 2 mg 
of vitamin E supplementation on the 10th 
day was significantly (1% level) higher 
than that of rats in the negative group. 
The liver tocopherol value was highest in 
the group with 4 mg of E supplementa- 
tion. The difference between this and that 
of the positive group was significant at 
the 1% level. 

The uptake of ingested tocopherol by 
liver and blood as a function of dosage by 
the rat (Bolliger and Bolliger-Quaife, 56), 
calves, lambs and pigs (Rousseau et al., 
57), and the chick (Bunnell, ’57) is also 
reflected here in the negative control, ex- 

ental groups receiving 2 and 4 mg. 
The linear relationship between liver to- 
copherol content and tocopherol dosage is 
evident (table 3). The liver is a good stor- 
age depot for vitamin E (Mason, °44), 
surpassed only by the adipose tissue and 
especially the endocrine organs (Quaife 
et al., "49b). Apparently the tocopherol in 
the liver is very labile since it can show 
variations according to intake and gesta- 
tional needs as shown in our experiments. 

Tocopherol content of maternal skeletal 
muscle. The tocopherol content of the 
maternal skeletal muscle, in general, was 
much lower than that of the liver, about 
1/9th as much in the positive control 
group to 1/20th in the 4-mg experimental 
goup. This ratio is much smaller than 
that observed in normal human skeletal 
muscle tissue, or in the male rat where 
the vitamin E level of the muscle was ap- 
proximately half that of the liver (Quaife 
et al., "49b). The tocopherol value of the 
muscle of the rat in the positive control 
group was the highest, and that of the 
negative group was the lowest. The dif- 
ference between these was significant at 
the 5% level. The value observed for the 
positive control group compares favorably 
with that reported by Swick and Baumann 
(52) for the muscle of the male rat (table 
2). The muscle tocopherol content of rats 
with 4-mg supplementation was about the 
same as that of the negative group. The 
difference between the values of the 4-mg 
and the positive groups was also signifi- 
cant at the 5% level. The muscle tocoph- 
erol level of rats receiving 2-mg supple- 
mentation was intermediate between the 
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values for the negative and positive 
groups. 

From the foregoing, it appears that the 
vitamin E level of the maternal skeletal 
muscle very nearly reflects the vitamin 
intake of the animal. Compared with that 
in the liver, however, it probably is in a 
very stable state and contributes little, if 
any, to the fulfillment of the vitamin E 
needs of gestation. 

When examined as a whole, the data 
on maternal serum, liver and muscle show 
that the tocopherol levels of the serum and 
liver indicate the same trend, whereas 
those of the muscle manifest the opposite 
trend. The results seem to indicate that 
the tocopherol needed for fetal develop- 
ment came from the liver instead of the 
muscle since the liver tocopherol of rats 
in the positive group which gave birth to 
the normal average number of live young, 
was much reduced, while the muscle to- 
copherol remained high. 

The tocopherol level of the fetal serum. 
From the scanty literature (table 1) it 
seems that in humans as well as in cattle 
the tocopherol content of the maternal 
serum is 5 or 6 times that of the fetal 
serum (Straumfjord and Quaife, 46; Par- 
rish et al., 50; Wright et al., 51). In our 
experiments, however, except for one in- 
cidence, that of the normal serum of the 
4-mg group, the tocopherol levels of the 
fetal sera were approximately the same as 
those of the maternal sera (table 3). The 
tocopherol level of the fetal serum of the 
positive control group was slightly higher 
than that of the corresponding maternal 
serum. In the experimental groups the 
averages for the total fetal serum tocoph- 
erol levels were slightly lower than those 
of the corresponding maternal sera. Ex- 
cepting the 4-mg group, none of the dif- 
ferences between the maternal and fetal 
sera was statistically significant. Thus our 
results do not corroborate the view that in 
the rat the placental transfer of vitamin 
E is exceedingly limited (Mason and 
Bryan, *40). 

In the 2-mg group the serum tocopherol 
level of the normal fetuses was slightly 
higher than than of the abnormal ones, 
while the reverse was true for the 4-mg 
group. The differences between the cor- 
responding groups were not significant 
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Statistically, however. Thus no trend could 
be discerned in this respect. 

Tocopherol level of the fetal liver. In 
the positive group the tocopherol level of 
the fetal liver was slightly less than 1/6th 
of the maternal liver level. In the 2-mg 
group the total average value reached a 
level of slightly less than 1/4th of the 
maternal level. In the 4-mg group it was 
only approximately 1/15th that of the 
maternal value. Compared with the nor- 
mal fetuses, the average tocopherol level 
of the abnormal ones was slightly, though 
not significantly, lower in the 2-mg group, 
but about the same in the 4-mg group. In 
human monsters at term, Dju et al. (’52) 
reported that the liver tocopherol level was 
0.64 mg per 100 gm. This figure is quite 
close to the 0.525 mg per 100 gm in the 
liver of the abnormal young from the 4-mg 
group of our experiments. 

Tocopherol level of the fetal carcass. 
Since the bulk of the fetal skeletal muscle 
was so small, it was deemed advisable to 
determine the tocopherol level of the car- 
cass instead. The values obtained were 
very small. The average value for the 2- 
mg group was approximately the same as 
that for positive control group. When 
compared with the normal carcasses, the 
abnormal ones contained much less to- 
copherol. The difference, however, was 
not statistically significant. 

From the data presented it seems that, 
compared with the normal fetuses, the ab- 
normal ones had slightly lower tocopherol 
level in serum, liver and carcass. Further- 
more, our results seem to confirm Giroud 
and Boisselot’s (60) observations in ma- 
ternal pantothenic acid deficiency that 
only a slight degree of maternal vitamin 
deficiency would produce congenital ab- 
normalities in the young. 


SUMMARY 


Female Holtzman rats were reared from 
weaning until the end of gestation on a 
pure vitamin E-deficient ration. In the 
positive control group each rat was given 
daily 2 mg of dl-a-tocopheryl acetate dur- 
ing the first 5 days of gestation. In the 
experimental groups, either 2 or 4 mg of 
the vitamin was given on the 10th day of 
gestation, whereas in the negative control 
group no vitamin E supplement was sup- 
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plied. All rats were autopsied on the 21st 
day of gestation. Chemical assays of the 
tocopherol content of maternal and feta} 
serum and liver as well as the maternal 
skeletal muscle and the fetal carcasses 
were carried out. A total of 265 determi 
nations was performed in order to s 
the changes in the tocopherol levels dur 
ing pregnancy and the production of ab 
normal young. 

The maternal serum tocopherol level 
was lowest in the vitamin E-sufficient 
group, highest in the vitamin E-deficient 
group and intermediate in the groups with 
abnormal young. The maternal liver to 
copherol generally followed the same 
trend as the serum with slight modifica 
tions, whereas the tocopherol level of the 
maternal skeletal muscle showed the op 
posite trend, namely, it was highest in the 
vitamin E-sufficient group, lowest in the 
vitamin E-deficient group and intermedi 
ate in the groups with abnormal young. 
There were no significant differences be 
tween the tocopherol levels of fetal sera, 
liver, and carcasses from different groups. 
The tocopherol levels of the abnormal fetal 
sera, liver and carcasses were slightly, 
though not significantly, lower than those 
of the normal ones from the correspond 


ing groups. 
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Effect of Supplementary Lysine and Methionine on 
Enteritis Mortality, Growth and Feed Efficiency 
in Young Rabbits 
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The importance of quality of protein in 
the diet of the rabbit has not been estab- 
lished, although some investigators feel 
that protein quality may be of minor im- 
portance because of the simple feeds that 
have been successfully utilized in rabbit 
rations (National Research Council, ’54). 

At the U. S. Rabbit Experiment Station 
it was decided recently to investigate the 
effects of supplementary amino acids on 
the incidence of enteritis mortality, and 
on growth and feed efficiency in young 
rabbits. For many years enteritis has been 
a principle cause of mortality among 
young domestic rabbits (Lund, ’51), and 
all efforts to isolate the cause of this condi- 
tion have been unsuccessful (Hagen, ’56). 
Since the gross appearance of rabbits with 
enteritis suggests a toxic condition, and 
amino acids are known to be involved in 
detoxification, it was felt that amino acid 
supplementation might be effective in re- 
ducing the incidence of this condition. 

Lysine and methionine were chosen for 
initial studies primarily because of their 
beneficial effects on growth and protein 
utilization in other animals (Acker et al., 
59; Almquist, 57; Baron, 58; Germann 
et al., 58; Hays et al., 59; Squibb et al., 
59). Although there may be reason to 
believe that intestinal synthesis of amino 
acids occurs in the rabbit (Casady and 
Gildow, °59), little is known about this 
problem, nor have any amino acid require- 
ments been established for the rabbit (Na- 
tional Research Council, ’54). 


MATERIALS AND METHODS 


This investigation involved two experi- 
ments. 
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General. Both experiments involved the 
feeding of mature females (does) and 
their young from mating of the does until 
the young were weaned at 56 days of age. 
The does were accustomed to their exper: 
mental rations before being mated, and 
were hand-fed restricted amounts until 
palpated for pregnancy 12 days following 
breeding. Those that failed to conceive 
continued to be fed the restricted amounts 
to maintain the desired physical condition 
until determined to be pregnant. Follow 
ing positive palpation for pregnancy, the 
does were full-fed from hoppers for the 
remainder of the gestation period. Doe 
and litters were full-fed throughout the 
suckling period. 

Feed was weighed and recorded from 
conception of the does to weaning of the 
litter. Does were rebred 52 to 53 days fol 
lowing parturition. Insofar as possible, lit 
ters were equalized at 8 young each within 
three days following parturition. Young 
were weighed at 56 days of age. All ani 
mals that died during the test were autop 
sied to determine cause of death. 

The does and their litters were housed 
in all-wire hutches equipped with wire 
mesh floors and automatic watering sys 


tems. 

Experiment 1. This test involved 9 
treatments, 8 does and their litters, pe 
treatment. The ration consisted of the 


pelleted stock ration used at the U. S. Rab 
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LYSINE AND METHIONINE SUPPLEMENTATION 


Experiment Station, supplemented with 
- and methionine‘ (table 1). The 
does on test reared two successive litters 
while fed the experimental rations. 

Experiment 2. Two series of 4 treat- 
ments each were used, including 8 does 


TABLE 1 


ion of lysine (Ly) and methionine 
(M) in the basic stock ration! 





Lysine Methionine 


% % 
Experiment 1 
1 Ly: M: (control ) . 0.0 
2 Ly: M: . 0.1 
3 Ly: Ms J 0.2 
4 Ly: Mi . 0.0 
5 Lys Me t 0.1 
6 Ly: Ms t 0.2 
7 Lys Mi F 0.0 
8 Lys Me Nd 0.1 
9 Lys Ms “ 0.2 


Treatment 


—— 





0.0 
0.1 
0.2 
0.4 
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and their litters, per treatment. The ra- 
tion consisted of the pelleted stock raiion 
used at the U. S. Rabbit Experiment Sta- 
tion supplemented with methionine only 
(table 1). The does on test reared three 
successive litters while fed the experi- 
mental rations. 

Analysis of data. The incidence of en- 
teritis mortality, as determined by post- 
mortem examination, was analyzed by chi- 
square tests in an approximate analysis of 
variance for both experiments. Where sig- 
nificant differences among levels of amino 
acids or treatments existed, additional 
orthogonal contrasts were made. If no sig- 
nificant differences existed, no further 
breakdown was made. 

Analysis of weaning weights was made 
by the method of fitting constants in a 
least squares analysis. When significant 
differences existed between treatments, 
further breakdown of the data was made in 
order to find the source of treatment dif- 
ference. Differences between levels of ly- 
sine and methionine were broken down 





1Percentage composition: suncured alfalfa hay 
meal, 40; soybean oil meal (44% protein), 18; 
gound barley, 18.5; linseed oil meal (expeller), 
4; oats, 4; wheatmixed feed, 15; salt (NaCl), 0.5. 


3 z-Lysine monohydrochloride supplied by Chas. 
Pfizer and Company, Inc., Brooklyn, New York. 

* pi-Methionine-feed grade supplied by U. S. 
Industrial Chemicals Company, New York. 


TABLE 2 
Incidence of enteritis mortality 














Treatment 1 (control) 
2 


Levels of lysine 
Ly: 
Lys 
Lys 
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into linear and quadratic effects. Signi- 
ficant differences among treatment means 
were separated using a multiple range test 
described by Duncan (’55). 

Feed conversion data (pounds of feed 
per pound of gain) were analyzed by the 
same methods described for the weaning 
weights. In experiment 1 the sums of 
squares among levels of lysine were fur- 
ther broken down into linear and quadratic 
effects. 


RESULTS AND DISCUSSION 


In table 2 are shown the numerical 
values for the number of animals and the 
percentage of enteritis mortality by treat- 
ment, levels of lysine, and levels of me- 
thionine for both experiments. Chi-square 
tests of significance (table 3) showed 
highly significant differences among treat- 
ments in experiment 1. A partitioning of 
the variance among treatments indicated 
that differences among levels of methio- 
nine was the major source of variation. 
Further orthogonal contrasts showed that 
the curvilinear response to methionine 
treatment was highly significant. There 
were no significant differences between 
levels of lysine so no further breakdown 
was made. Also there was no apparent 
interaction between lysine and methionine. 
Highly significant differences, however, 
were observed between successive litters, 
wherein mortality was highest in second 
litters from individual does. 








TABLE 3 
Chi-square tests of significance of incidence 
of enteritis 
Source d.f. x? 
Experiment 1 
Treatments 8 20.141! 
Levels of lysine (Ly) 2 3.696 
Levels of methionine (M) 2 13.202! 
Linear 1 2.756" 
Quadratic 1 10.634! 
Interaction (Ly x M) 4 3.242 
Litters 1 17.366" 
Experiment 2 
Treatments 3 11.534! 
M; vs. Mz, Ms and M, 1 6.145? 
Msg vs. Ms and Mg 1 4.519 
Ms vs. Mg 1 0.857 
Litters 2 13.202! 





level of probability. 
level of probability. 


& 


1 Significant at the 1 
2 Significant at the 5 
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TABLE 4 
Least squares means of weaning weights 


Experiment 1 Experiment? 








nds 
Treatment 23 — 
1 (control) 3.49 3.75 
2 3.85 3.78 
3 3.69 3.87 
4 3.82 3.70 
5 3.90 _ 
6 3.82 _ 
7 3.75 — 
8 3.74 aa 
g 3.76 _ 
Litters 
1 .67 3.67 
2 3.85 3.76 
3 -- 3.89 
Lysine 
1 3.68 _ 
2 3.84 — 
3 3.77 _ 
Methionine 
1 3.69 3.75 
2 3.84 3.78 
3 3.76 3.87 
4 _ 3.70 





In the second experiment, x’ tests of sig- 
nificance also showed significant differ- 
ences among treatment effects, but, as 
indicated in table 2, and the orthogonal 
controls shown in table 3, the incidence 
of enteritis was significantly higher in the 
lots receiving methionine than the lots 
without it. Here, again, litter effects were 
highly significant. 

Weaning weights (table 4) showed ap 
parent effects of amino acid supplementa- 
tion, whether by treatment or amino acid 
level, and litter effects, in both experi 
ments. 

Analysis of the weaning weight data 
(table 5) indicated highly significant dif- 
ferences among the treatments and be 
tween litters. In experiment 1, highly sig- 
nificant differences were found among the 
levels of lysine and the levels of methio 
nine and a significant interaction between 
them. The difference between the levels 
of lysine and methionine were broken 
down into linear and quadratic effects, 
with the quadratic effect assuming greater 
importance in each instance. This curve 
linear effect is apparent in table 4. In ex 
periment 2, Duncan’s multiple range test 
was used to separate the treatment differ- 
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TABLE 5 
Analysis of variance of weaning weights 
Mean 
Source af. square 
Experiment 1 
Among treatments 8 1.0978! 
Among levels of lysine (Ly) 2 1.61081 
Linear 1 0.99012 
Quadratic 1 2.1863! 
Among levels of methionine (M) 2 1.4673! 
Linear 1 0.5878 
Quadratic 1 2.0227: 
Interaction (Ly x M) 4 0.6518? 
Between litters 1 6.8136! 
Error 709 0.2060 
Experiment 2 
Among treatments 3 1.0833! 
Among litters 2 3.4068! 
Error 906 0.2024 





1 Significant at the 1% level of probability. 
* Significant at the 5% level of probability. 


TABLE 6 
Analysis of variance of feed conversion data 





Source 


df. Mean 





square 
Experiment 1 
Among treatments 8 2546.33 
Among levels of lysine (Ly) 2 6600.00 
Linear 1 3342.22 
Quadratic 1 10,666.51! 
Among levels of methionine (M) 2 28.97 
Linear 1 29.07 
Quadratic 1 37.91 
Interaction (Ly x M) 4 2106.67 
Between litters 1 4349.96 
Error 116 2577.97 
Experiment 2 
Among treatments 3 2390.38 
Among litters 2 4888.21 
Error 158 3072.64 





1 Significant at the 5% level of probability. 


ences and it was found that treatment 3 
(table 4), or 0.2% of methionine, resulted 
in weaning weights that were significantly 
greater than those of the three other treat- 
ments. There were no significant differ- 
eices among the three remaining treat- 
ments. Differences between litter means 
were highly significant in both experi- 
ments, showing a linear increase in succes- 
sive litters. Brinegar et al. (’50) and 
Bressani and Mertz (’58) showed that for 
swine and rats, respectively, minimum ly- 
sine requirements increased as dietary pro- 
tein was increased. Since the stock ration 
used in these experiments contained ap- 


proximately 22% of protein, as compared 
with a 14 to 16% protein ration used for 
postweaning stock, dry does and bucks, it is 
possible that amino acid requirements for 
young fryer rabbits fed high-protein ra- 
tions are above those adequate for normal 
growth and development of older rabbits. 

Analysis of feed conversion data re- 
vealed no significant treatment effects in 
either experiment (table 6). In experi- 
ment 1, however, when the sums of 
squares among the levels of lysine were 
broken down into linear and quadratic 
effects, there was a significant quadratic 
effect. The question then arises whether 





124 


the amino acid supplementation stimulates 
growth through increased efficiency of feed 
utilization or merely through increased ap- 
petite and feed consumption. Further 
studies involving controlled feed intakes 
are needed to answer this question. 


SUMMARY 


Supplementation of a basic rabbit ration 
with lysine and methionine gave conflict- 
ing results with respect to the incidence of 
enteritis, but significantly increased wean- 
ing weights of the young. No effects on 
feed conversion data were noted. 
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Studies on the Availability of Amino Acids 
|. EFFECT OF ALCOHOL TREATMENT OF CORN GLUTEN’ 


H. J. H. pe MUELENAERE,? M. L. CHEN® anp A. E. HARPER 
Department of Biochemistry, University of Wisconsin, Madison, Wisconsin 


Geiger and Hagerthy (49) reported that 
a diet containing acid hydrolyzed-zein sup- 
plemented with amino acids supported a 
more rapid rate of growth of rats than a 
diet containing a proteolytic digest of zein 
supplemented with the same amino acids. 
Paper chromatography of a pepsin-trypsin 
digest of zein revealed three unidentifiable 

which were suggested to be enzyme- 
resistant peptides (Geiger et al., 52). 

Deshpande and co-workers (’57) using 
arat-growth method found that only 30% 
of the isoleucine in zein was biologically 
available. On the other hand the isoleu- 
cine in corn was noted to be approxi- 
mately 90% available (De Muelenaere and 
Feldman, ’60) as measured by a fecal anal- 
ysis method. Since about 50% of the iso- 
leucine in corn is in the zein, a lower value 
for the availability of isoleucine in corn 
would be expected on the basis of the re- 
sults of Deshpande et al. (57). 

This raises the question of whether the 
low availability of the amino acids in iso- 
lated zein may be a result of changes that 
occur during the isolation of this protein. 
Although this possibility has been sug- 
gested by several workers (Albanese et al., 
49; Geiger et al., 52) to our knowledge, 
no direct experimental evidence support- 
ing it has been brought forward. 


EXPERIMENTAL 


In vitro studies 


Materials. The study was carried out 
m defatted corn gluten (nitrogen con- 
tent, 7.02%; zein content, 21.65%; fat 
content of original sample, 2.15% ) and 
‘econstituted” corn gluten prepared by 
supplementing alcohol-extracted defatted 
tm gluten with a quantity of zein equal 
to the amount removed by alcohol treat- 
ment. Zein was extracted from corn gluten 
by the method of Mason and Palmer (34). 
The defatted product which was not al- 
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cohol-extracted is referred to hereafter as 
untreated corn gluten. 

Enzymatic digestion. Peptic digestion 
was carried out in duplicate on 2 gm of 
material suspended in 50 ml of distilled 
water. The pH was adjusted to 1.8, to this 
40 mg of pepsin (1:10,000) was added, 
and the mixture was incubated for 24 
hours at 37° to 38°C. 

The pepsin digest was subsequently ad- 

justed to pH 8.3 and 25 ml of a suspen- 
sion, containing 0.15 gm of pancreatin 
was added. The resulting mixture was 
incubated for another 24-hour period. 
Toluene was added to each digestion mix- 
ture. 
After incubation the enzymatic activity 
was stopped by heating for 10 minutes in 
a steam chamber. The insoluble residue 
was removed by centrifugation. 

Acid hydrolysis. The acid hydrolysis of 
the corn gluten was carried out by heating 
1 gm of sample in 250 ml of 2.5 N hydro- 
chloric acid in an autoclave for 8 hours 
at 245°F. After concentration in vacuo 
the hydrolysate was made up to volume. 

Determination of proteolytic activity. 
Proteolytic activity was determined by the 
direct formol titration (Brown, ’23; Taylor, 
’57), and a-amino nitrogen was determined 
by the manometric micro-ninhydrin pro- 
cedure (Van Slyke et al., °41). The latter 
provides an estimate of the free amino 
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acids released whereas the former should 
give a measure of free amino nitrogen in 
both peptides and free amino acids. 

Chromatographic procedures for amino 
acid and peptide determinations. Aliquots 
of the enzymatic digest and the acid hy- 
drolysate were reacted with fluorodinitro- 
benzene (FDNB) at pH 9.0. After re- 
moval of excess FDNB by ether extraction 
the reaction mixture was acidified to 
give an approximately 1 N HCl solution 
and extracted with five 15-ml portions of 
peroxide-free ether to remove the DNP- 
amino acids. The combined extracts were 
evaporated in vacuo, and the residue was 
taken up in acetone. The acetone solution 
was transferred quantitatively to a 17 X 
22.5 inch Whatman no. 52 filter paper for 
two-dimensional chromatography. A mix- 
ture of toluene, chloroethanol, pyridine 
and ammonia was used as the solvent for 
the first dimension and concentrated phos- 
phate buffer (1.5 M, pH 6.0) for the sec- 
ond (Levy, 54). After development, the 
chromatogram was dried, the spots were 
cut out and eluted overnight in 1% 
NaHCoO;. The optical density of each elu- 
ate was measured at 360 mu using a Beck- 
man DU spectrophotometer with the ex- 
ception of DNP-proline which was meas- 
ured at 385 mu. The concentration of 
each DNP-amino acid was calculated from 
the appropriate standard curve prepared 
by plotting the optical density values for 
known amounts of the respective DNP- 
amino acid which had been subjected to 
the same chromatographic procedure as 
the unknown. Preliminary experiments 
proved that recoveries were 100 + 15% 
for all amino acids except lysine. 

The aqueous portion of the FDNB re- 
action mixture remaining after ether ex- 
traction was further extracted 5 times 
with ethyl acetate. The mixture was 85% 
neutralized with Na:CO; and further ex- 
tracted until no more yellow color could be 
removed. The combined ethyl acetate ex- 
tracts were extracted three times with 
water, then dried in vacuo (Schroeder, 
52). The residue was taken up in acetone, 
spotted and chromatographed as described 
for the ether soluble DNP-derivatives. All 
procedures were carried out in dimmed 


light. 


Microbiological assay of amino acids, 
The amino acids in the enzymatic digests 
and acid hydrolysates were determined by 
microbiological assay using Leuconostoc 
mesenteroides for lysine, isoleucine, valine 
and Streptococcus faecalis for threonine 
(Barton-Wright, ’52). 


In vivo studies 


Recovery of gastrointestinal contents, 
Twenty-four male rats of approximately 
200 gm were trained for two weeks so they 
would consume about 4 gm of diet in a 
30-minute period. The rats were divided 
into two sets of 12 animals each; one set 
received a diet containing corn gluten and 
the other, “reconstituted” corn gluten. 
Four rats from each set were killed at the 
following times: at the termination of the 
feeding period (zero time), one hour after 
and three hours after the end of the feed- 
ing period. 

The stomach and small intestine were 
ligated and removed from the carcass. 
The contents of the stomach were washed 
out with water and the dry weight and 
total nitrogen content determined. The 
intestinal contents were washed into a 
centrifuge tube and made up to volume. 
The insoluble residue was separated by 
centrifugation. The supernatant solution 
was removed and 20% trichloroacetic acid 
(TCA) added to give a final TCA con- 
centration of 5%. The tube was heated 
in a boiling water bath for 5 minutes and 
the TCA-precipitated material was re 
moved by centrifugation. The nitrogen 
content of each fraction was determined. 

The experimental diets contained 22% 
of protein from either corn gluten or “re- 
constituted” corn gluten; 5% of corn oil, 
5% of salt mixture, vitamins and dextrin 
to make 100%. 

Availability study. A growth method 
(Deshpande et al., 57), was used for the 
availability determinations. The basal 
diet contained an amino acid mixture 
(Calhoun et al., 60) that was complete ex- 
cept for the omission of the amino acid to 
be assessed; standard diets were prepared 
by adding to this, graded levels of the 
missing amino acid. Groups of 5 weanling 
male rats each were fed ad libitum for 14 
days one of the standard diets or a test 
diet containing corn gluten or “reconsti- 
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tuted” corn gluten instead of the omitted 
amino acid. The amount of amino acid 
available to the animals fed each test diet 
could be determined by comparing their 
growth with the growth of groups receiv- 
ing known amounts of the respective 
amino acid. From this and the amino acid 
content of the respective test rations the 
percentage availability was calculated. 


RESULTS 


In table 1 values for total soluble nitro- 
gen and amino-nitrogen in the enzymatic 
digests are given as percentages of the 
respective values for the acid hydrolysates. 

A marked difference in the degree of 
enzymatic digestion of untreated corn glu- 
ten and “reconstituted” corn gluten was 
evident in the samples subjected to the 
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action of pepsin for 24 hours. Pepsin 
liberated roughly twice as much amino- 
nitrogen, as determined by either the for- 
mol titration or the Van Slyke method 
(41), from the corn gluten as from the 
“reconstituted” sample; also, a greater 
portion of the corn gluten was solubilized. 
After pepsin-pancreatin digestion, the total 
soluble nitrogen and amino-nitrogen deter- 
mined by formol titration remained con- 
siderably higher for the untreated corn 
gluten sample. The difference between 
amino-nitrogen values by the Van Slyke 
method decreased, the values being 10.9% 
for untreated corn gluten and 9.1% for 
the “reconstituted” sample. 

The relative amounts of amino acids 
liberated by pepsin-pancreatin digestion 
of the samples are given in table 2. Threo- 


TABLE 1 


Total nitrogen and amino nitrogen in enzymatic digests of untreated and “reconstituted” 
corn gluten after pepsin and pepsin-pancreatin digestion 

















Pepsin digestion a i 
Recon- Recon- 
Corn stituted Corn stituted 
gluten corn gluten corn 
gluten gluten 
Total soluble nitrogen in digest as % of 
nitrogen in acid hydrolysate 41.4 36.1 70.9 57.1 
NH;—N as % of NH;—N in acid 
hydrolysate? 13.4 6.6 29.9 20.5 
Free a—NH:—N as % of a—NH;—N? in 
acid hydrolysate? 3.9 1.5 10.9 9.1 
1 Formol titration. 
?Van Slyke method (’41). 
TABLE 2 


Liberation of amino acids from untreated and “reconstituted” corn gluten by pepsin- 
pancreatin digestion as determined by chromatography and microbiological assay 














Corn gluten Reconstituted 
Amino acids Chromato- Microbio- Chromato- Microbio- 
graphic logical? graphic logical 
(as percentage of amino acids in acid hydrolysate) 

Dicarboxylic acids 2.6 2.4 
Serine 6.2 6.3 
Threonine 6.4 64.9 5.8 50.8 
Proline 3.0 1.9 
Alanine 8.3 8.9 
Glycine 3.3 pate 
Valine 8.1 46.2 5.2 35.3 
Leucine and isoleucine 28.5 27.3 

39.4 33.6 
Phenylalanine 14.6 17.6 
Tyrosine 10.2 10.9 
Lysine 57.7 51.8 





ical assay. 
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nine, proline and valine in particular 
were liberated in larger amounts from the 
corn gluten than from the “reconstituted” 
sample. 
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ETHYL ACETATE SOLUBLE DNP PEPTIDES 
OF PEPSIN PANCREATIN DIGEST 
Fig. 1 Pattern of ethylacetate soluble DNP- 
peptides in the pepsin and pepsin-pancreatin di- 
gests. 
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The values for amino acids present in 
the digest as measured by microbiological} 
assay were considerably higher than those 
obtained by the chromatographic method, 
The values for threonine, valine, isoley- 
cine and lysine in the pepsin-pancreatin 
digest of corn gluten were all greater than 
those for the digest of “reconstituted” corm 
gluten, the differences between the respec. 
tive values for threonine and valine being 
greatest. 

Figure 1 represents the ethyl acetate. 
soluble DNP-peptide pattern of chromato. 
grams of the pepsin and pepsin-pancreatin 
digests. Ten well-defined and two diffuse 
spots can be seen on the pepsin digest 
chromatogram. Six spots are found on the 
pepsin-pancreatin chromatogram. 

The pattern of spots on the chromato- 
grams of the corn gluten and “reconsti- 
tuted” corn gluten digests were identical. 
The spots on the corn gluten chromato 
gram appeared to be somewhat denser, but 
no quantitative determination of the color 
intensity of the individual DNP-peptide 
spots was performed. A *tudy of the amino 
acid compositions of the various DNP- 
peptides has been initiated but no com 
plete results can be reported as yet. 

In table 3 are shown the results of the 
in vivo digestion and absorption study. 


TABLE 3 
Nitrogen in insoluble, TCA-soluble and TCA-precipitable fractions of intestinal contents; 
dry residue of stomach; and ntirogen disappearance from gastrointestinal tract 
of rats fed untreated or “reconstituted” corn gluten 








Ration 0 hour! 1 hour 3 hours 

Insoluble residue, mg nitrogen 

Corn gluten 6.40 + 0.412 9.84+1.13 6.38 + 0.48 

Reconstituted 8.44+0.39 24.87+ 1.96 16.48 + 1.64 

TCA-soluble nitrogen, mg 

Corn gluten 6.32+ 0.34 8.24+0.42 7.93+1.0 

Reconstituted 6.48 + 0.26 8.20+ 0.64 9.72+0.35 
TCA-precipitated nitrogen, mg 

Corn gluten 2.03 + 0.03 1.71+0.12 2.26+0.17 

Reconstituted 2.55+ 0.76 2.55+0.14 2.78+0.10 

Dry weight of residue recovered from stomach as % of total ingested 
Corn gluten 76.3 + 0.69 59.1+0.34 38.2+4.13 
Reconstituted 81.4+0.64 55.5+1.19 36.1+ 1.02 
Disappearance of nitrogen from stomach and small intestine, mg 
Corn gluten 16.9+0.87 33.5+0.98 68.9 + 1.32 
Reconstituted 10.1+2.32 22.6+1.21 61.0+ 1.59 





1 At end of 30-minute feeding period. 
* Standard error of the mean. 
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The amount of intestinal residue was con- 
sistently higher in animals fed the “recon- 
stituted” corn gluten diet. This and the 
greater rate of disappearance of nitrogen 
from the gastro-intestinal tract indicate 
that liberation and absorption of amino 
acids from the untreated corn gluten was 
higher than from the “reconstituted” 


sample. 

In table 4 values for the availability of 
lysine, isoleucine, valine and threonine are 
given. Differences in availability of lysine 
and isoleucine from the two samples were 
small but the values for threonine and 
yaline were considerably lower for the 
“reconsitituted” product than for the un- 
treated corn gluten. 


DISCUSSION 


These results indicate that alcohol ex- 
traction reduces the availablity of some of 
the amino acids in corn gluten. The ob- 
servation that lysine, which is highly sus- 
ceptible to heat inactivation and which is 
not present in zein, was equally available 
in both products suggests that alcohol ex- 
traction affects mainly the zein fraction. 

The values for availability given in table 
4 must be considered only as relative val- 
ues. The need for further investigation 
of the availability of amino acids in cereal 
products as determined by the growth 
method has been pointed out (Gupta et al., 
38) and some of the factors that influence 
the results have been discussed (Calhoun 
et al., "60; De Muelenaere and Feldman, 
60). A report of an investigation of the 
extent to which some of these factors limit 
the usefulness of the growth method is in 
preparation.‘ 

Pepsin digestion liberated only a small 
percentage of the total amino acids as 
demonstrated by the Van Slyke a-amino 
nitrogen and free amino acid contents of 
the digests. In earlier in vitro studies, 
however, much higher availability values 
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were reported (Denton and Elvehjem, ’53; 
Bondi and Birk, 55). This latter was also 
true in the present study when the deter- 
mination of amino acids was carried out 
by microbiological assay. The marked dif- 
ferences between liberation of amino acids 
as found by the chromatographic and mi- 
crobiological assay must be attributed to 
the ability of the assay organism to utilize 
peptides (Klungsgyr et al., 51) and pos- 
sibly to the growth promoting effect of 
certain peptides (Kihara and Snell, '55; 
Shankman et al., 60). In view of this it 
would appear that the microbiological as- 
say is not a suitable analytical tool for 
assessing the free amino acid content of 
enzymatic digests. 

In relation to the poor liberation of the 
dicarboxylic amino acids from both sam- 
ples, the majority of the DNP-peptides on 
hydrolysis yielded glutamic and aspartic 
acids and several DNP-peptides contained 
glutamic acid as the NH:-terminal amino 
acid. 

The results of the in vivo and in vitro 
experiments indicating low availability of 
valine from “reconstituted” corn gluten are 
in good agreement and support the obser- 
vation of Geiger et al. (52) that consider- 
able quantities of valine are excreted in 
the feces of rats fed a diet containing zein. 
The agreement between the results of the 
in vitro and in vivo studies on threonine 
is also good although the difference be- 
tween the values for the two samples for 
the availability of this amino acid was 
smaller in the in vitro study (table 2). 

Since pepsin and pepsin-pancreatin di- 
gestion of both untreated corn gluten and 
“reconstituted” corn gluten give identical 
DNP-peptide patterns, when chromato- 
graphed, it would appear that native and 
isolated zein are broken down enzymati- 
cally in a similar fashion, and hence that 


* De Muelenaere, H. J. H., M. L. Chen and A. E. 
Harper, unpublished results. 


TABLE 4 


In vivo availability of lysine, isoleucine, valine and threonine from untreated and 
“reconstituted” corn gluten as determined by growth method 








Protein source Lysine Isoleucine Threonine Valine 
% % % % 

Corn gluten 105.5 59.6 75.0 66.9 

Reconstituted 103.9 55.7 59.3 43.1 
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no specific enzymatically resistant pep- 
tides are formed during the isolation proc- 
ess. A definite conclusion on this point, 
however, depends upon the assumption 
that either all of the DNP-peptides in the 
digest are ethyl acetate-soluble or that the 
ethyl acetate-insoluble DNP-peptides from 
the two samples would also show an iden- 
tical pattern on chromatography. 

The difference in the availability of iso- 
leucine from corn giuten and “reconsti- 
tuted” corn gluten is far less than antici- 
pated at the outset of this work. This 
raises the question of whether the differ- 
ences between the results of Deshpande 
et al. (57) and de Muelenaere and Feld- 
man (’60) cannot be traced to a basic dif- 
ference in the techniques used. The first 
authors used a growth method, whereas 
the latter used a fecal analysis method. 
The growth method may well measure 
effects of amino acid balance as well as 
availability. 

SUMMARY 

An in vitro enzymatic digestion study of 
untreated corn gluten and “reconstituted” 
corn gluten (containing isolated zein) re- 
vealed that corn gluten containing native 
zein was digested at a faster rate than 
the “reconstituted” product. 

Quantities of amino acids liberated after 
pepsin-pancreatin digestion were small 
compared with the quantities that were 
microbiologically available. 

Identical DNP-peptide patterns were 
observed on chromatographing the digests 
of the respective samples. 

In an in vivo study the ingested nitro- 
gen disappeared more rapidly from the 
stomachs and intestines of animals fed the 
untreated corn gluten. 

The values for availability of the threo- 
nine and valine in the “reconstituted” 
product were lower than those for un- 
treated corn gluten. The values for the 
availability of isoleucine and lysine were 
not lowered by the treatment. 
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Excretion and Metabolism of Amino Acids in Rats’ 


P. A. HEDIN? anp M. O. SCHULTZE 


Department of Agricultural Biochemistry, Institute of Agriculture, 
University of Minnesota, St. Paul, Minnesota 


Several years ago it was reported from 
this laboratory (Schultze, 56) that rats 
could be maintained for successive gener- 
ations with protein-free amino acid diets. 
The mixtures of amino acids then used 
contained several racemic components. In 
conjunction with that work, it seemed im- 
portant to determine by criteria other than 
growth and reproductive performance to 
what extent the rat could utilize the amino 
acids contained in these diets. Earlier 
work on the utilization and metabolism of 
pamino acids has been reviewed by 
Meister ('57). More recently Rechcigl et 
al. (60) have reported that the D-amino 
acids can be used effectively as a source 
of nitrogen for the biosynthesis of non- 
essential amino acids by the rat. 

The objective of the studies reported 
herein was to determine the nature and 
amounts of the major nitrogen-compounds 
in the urine of rats fed amino acid diets 
and to estimate the extent to which the 
Disomer of amino acids can be utilized by 
this species. 


EXPERIMENTAL 


Diets. The diets AAis, AAis and AAs 
contained 12.2, 18.3 and 24.4%, respec- 
tively, of a mixture of 16 amino acids 
(Schultze, 55) among which methionine, 

lalanine, threonine, tryptophan, va- 

isoleucine, alanine and aspartic acid 
were racemic mixtures. The other com- 
ponents were 4% of a salt mixture, 3% of 
vegetable oil, a complete mixture of fat- 
soluble and water-soluble vitamins and 
variable amounts of sucrose as previously 
reported (Hallanger and Schultze, ’56). 
To avoid contamination of the urine, these 
mixtures were administered by stomach 
tube to rats, twice daily, as 10 ml of an 
aqueous, homogenized suspension which 
contained 5.7 gm of the diet. The rats 
had access to water at all times. On this 
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regimen the rats maintained constant 
weight and were in nitrogen balance for 
at least 4 weeks. 

Animals. Male rats from our black 
strain, weighing about 300 gm, which had 
been reared with the diets mentioned 
previously, were housed in metabolism 
cages which permitted separate collection 
of excreta. Urine was collected in flasks 
containing a few drops of toluene. Quan- 
titative collections of excreta were made 
from three to 5 rats receiving each diet 
for at least 14 days after the rats had be- 
come accustomed to forced feeding for 
about 10 days. Urine and feces were col- 
lected daily, pooled for the experimental 
period and frozen until the analyses were 
made. The pooled specimens represented 
for each diet the excreta from at least 50 
rat-days. 

Analytical procedures. Feces and urines 
were analyzed by a Kjeldahl procedure 
(Miller and Houghton, 45). Urine, in 
addition, was analyzed for ammonia and 
urea (Van Slyke and Cullen, ’14), al- 
lantoin (Young and Conway, ’42), creatine 
and creatinine (Folin, °14), and uric acid 
(Benedict and Franke, ’22). Inasmuch as 
urine of rats is known to contain some 
protein, (Finlayson and Baumann, 56, 
58; Rumsfeld, 56), it was hydrolyzed 
with an equal volume of concentrated hy- 
drochloric acid in a sealed tube at 105°C 
for 48 hours. The hydrolyzed urine was 
adjusted to pH 9.0 and aerated to remove 
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ammonia, prior to analysis for amino ni- 
trogen (Frame et al., °43) which was cor- 
rected for the presence of allantoin. Uri- 
nary nitrogen calculated from the results 
of these analyses accounted for 98.3 to 
102.5% of the total nitrogen determined 
by the Kjeldahl method. 

Two-dimensional paper-chromatography 
(Levy and Chung, '53) of desalted (Car- 
sten, 52) urine revealed the presence of 
at least 11 amino acids. 

Tryptophan content of the urine was de- 
termined by the method of Dickman and 
Crockett (’56). The other amino acids in 
the urine (0.25 to 0.50 ml) were deter- 
mined, before and after acid hydrolysis, 
by ion exchange separation with Dowex 
50 X 4.2 (400-mesh) resin (Moore and 
Stein, 54a) and colorimetric analysis 
(Moore and Stein, ’54b), procedures which 
were standardized with known mixtures 
of amino acids. The identity of the sepa- 
rated amino acids was established from 
the emergence pattern and verified by con- 
verting them, in aliquots of the eluates, 
into 2,4-dinitrophenyl derivatives (Levy, 
’*54) which, in turn, were subjected, to- 
gether with authentic specimens, to paper 
chromatography (Blackburn and Lowther, 
51, Kent et al., 51). In this manner the 
excretion of small amounts of §-alanine 
was established. No evidence for the ex- 
cretion of glucosamine and galactosamine 
could be obtained. 

For determination of the excretion of pD- 
amino acids, the amino acids in acid- 
hydrolyzed urine were measured, by the 
procedures described previously, before 
and after treatment with kidney p-amino 
acid oxidase. The enzyme preparation* 
was freed from ninhydrin-reactive con- 
taminants by dialysis against 0.1 M pyro- 
phosphate buffer, pH 8.5. The neutralized 
urine (0.25 ml) was buffered with pyro- 
phosphate, pH 8.5, to 0.1 M concentration 
and treated at 38°C with 75 mg (before 
dialysis) of the dialyzed enzyme and 1.8 
mg of flavin adenine dinucleotide* under 
a slow stream of oxygen for 8 hours; at 
this time an equal amount of enzyme was 
added and the reaction continued for an- 
other 8 hours. The mixture was then 
deproteinized with trichloroacetic acid and 
extracted with diethylether. Amino acids 
in the aqueous phase were separated with 
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ion exchange resin and quantitatively de 
termined as indicated above. Control ex. 
periments revealed that under these cop. 
ditions L-amino acids were not affected 
whereas the loss of amino acids from 
racemic mixtures averaged 49.6%. More 
over, in a closed system, the oxygen con. 
sumption corresponded to the calculated 
value when pD-alanine was used as sub 
strate. A summary of the recoveries of 
known amounts of racemic amino acids 
achieved by these methods is presented in 
table 1. 











TABLE 1 
Recovery of amino acids' 

Amino acid oxidase treatment 
Without With 

treatment? treatmen# 

% recovery 

pL-Aspartic acid 95.0 50.5 
DL- nine 96.7 55.5 
pt-Alanine 102.7 46.0 
pi-Valine 94.6 50.5 
pt-Methionine 98.0 48.5 
pi-Leucine 98.0 50.0 
pt-Phenylalanine 97.3 51.5 





1 From a mixture containing 200 ug of each of 
14 amino acids. 

2 Average of three replications. 

3 Average of two replications. 


Identification and determinination of 2 
oxo-acids. From the oxo-acids in 20 ml 
of urine the 2,4-dinitrophenyl hydrazones 
were prepared by addition of 2 ml ofa 
0.2% solution of 2 terme rg 
zine in 2 N hydrochloric acid. After 0 
minutes at 38°C, the mixture was cooled, 
extracted with ethyl acetate and this ex 
tract was extracted with 10% aqueous 
sodium carbonate solution. The alkaline 
extract was washed with ethyl acetate to 
remove excess reagent, acidified and r 
extracted with ethyl acetate. The organic 
extract was concentrated to about 1 ml 
and a 0.05-ml aliquot was used for chm 
matographic separation, ascending, @ 
Whatman no. 1 paper by 1-butanol, sate 
rated with 3% aqueous ammonia. 

For comparison with the unknown dé 
rivatives obtained from urine, referent 
compounds were prepared from authentit 
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ens of 2-oxo-acids,* including the 
9.4-dinitrophenylhydrazones of the follow- 
ing compounds which are listed with their 
points and extinction coefficients 

%® at 367.5 mu): 2-oxo-3-methylvaleric 
acid 171°, 817; 2-oxo-4-methylvaleric acid, 
162°, 749; 2-oxo-3-methylbutyric acid 
196°, 788; 2-oxo-4-methylthiobutyric acid 
146°, 752; 2-oxobutyric acid 126°, 838; 
ic acid, 220°, 939; 2-oxoglutaric acid 

940°, 928; oxalacetic acid 188°, 860; ace- 
tone 126°, 911. Quantitative determina- 
tions of the oxo compounds in urine were 
made by the method of Kun and Garcia- 
Hernandez (’57) using the previously cited 
extinction coefficients. When mixtures of 
9,4-dinitrophenylhydrazones from _ urine 
were separated by paper chromatography 
and analyzed, the recovery was from 95 to 
100%. All analyses were made at least in 


duplicate. 


RESULTS AND DISCUSSION 


Nitrogen compounds in urine. The 
rats were essentially in nitrogen balance 
under the conditions of this experiment. 
Fecal excretion of nitrogen was quite con- 
stant; it averaged about 45 mg per day, or 
4mg per gm of diet regardless of the nitro- 
genintake. This is about twice the amount 
which Mitchell (’34) reported for rats fed 
low-nitrogen diets by voluntary food in- 
take. As much as 84.4% of the admin- 
istered nitrogen was absorbed and hence 
an equal amount excreted in the urine. 

The data summarized in table 2 demon- 
strate that (1) essentially all of the nitro- 
gen in the urine was accounted for by the 
aalytical methods; (2) as the nitrogen 


TABLE 2 
Nitrogen distribution in rat urine 














Ration fed 
Nitrogen in 
AAis AAs AAis 
% of total urinary nitrogen! 
Urea 51.2 56.7 54.1 
Allantoin 4.5 4.0 2.7 
Uric acid 0.2 0.2 0.1 
Amino groups? 30.3 26.8 23.7 
Creatine 3.0 2.8 2.0 
Creatinine 2.5 0.7 2.8 
Ammonia 9.3 11.4 12.7 
Above 7 components 101.0 102.6 98.1 
‘As determined by ahl method. 
determined by the method of Frame et al. 





AMINO- AND OXO-ACIDS IN URINE OF RATS 


133 





intake increased the absolute amounts of 
ammonia and amino compounds excreted 
in the urine also increased; and (3) from 
about 24 to 30% of the total nitrogen in 
the urine was excreted in the form of 
amino compounds, and an additional 10 
to 12% as ammonia. The high proportion 
of nitrogen excreted in these compounds 
is in striking contrast to the composition 
of urine of rats fed a protein diet (Young 
and Cook, 55) and of other mammalian 
species (Albritton, 53) in which urea 
usually accounts for 80% or more of the 
total nitrogen. Under the conditions of 
these experiments the rats evidently ex- 
creted relatively large amounts of amino 
acids. 

Amino acids in urine. Inasmuch as the 
excretion of amino acids was greatest by 
rats which had the highest intake of amino 
acids, detailed results are presented for 
this group only (table 3). Identity of the 
amino acids (except for determination of 
the anomeric forms) which were sepa- 
rated by ion exchange resin was, with the 
exceptions noted later, verified by prep- 
aration of their 2,4-dinitrophenyl deriva- 
tives. These moved in all cases as single 
spots on paper chromatograms, with Rr 
values corresponding to those of the au- 
thentic specimens. No cystine, arginine, 
methionine or proline was detected in the 
urine. Small amounts of serine (1.4 and 
2.4 mg per rat per day respectively) were 
found only in the urine of rats fed diets 
AAis and AAs. The component listed in 
table 3 as “after taurine” which was ob- 
served only after acid hydrolysis of the 
urines was not identified and ornithine 
was only tentatively identified from the 
emergence pattern during ion exchange 
separation. Acid hydrolysis of the urine 
increased the total amounts of detectable 
amino acids by about 14%, the increase 
being primarily due to glutamic acid, iso- 
leucine, leucine and the unidentified “after 
taurine.” Relatively large amounts of 
threonine, valine and isoleucine were ex- 
creted, partly, as will be shown later, in 
the form of D-isomers, and hence of die- 
tary origin. Histidine was also excreted in 


5 Some of the 2-oxo-acids were generous gifts 
of Dr. Alton Meister whose assistance is grate- 
fully acknowledged. Others were prepared in 
this laboratory from 2-amino acids which were 
treated with kidney amino acid oxidase. 
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TABLE 3 
Amino acids in urine of rats 
Amino acid excreted Excreted? 
hydrolysis hydrolysis = 
mg/day mg/day 

Taurine 0 29.1 32.0 
“After taurine” 0 0 10.8 
pL-Aspartic acid 147.8 4.2 8.0 5.4 
DL- e 182.4 68.2 63.9 35.0 
1i-Glutamic acid 558.6 15.5 21.5 3.8 
Glycine 11.6 2.6 6.6 56.9 
pi-Alanine 131.6 7.4 9.6 7.3 
pt-Valine 328.4 94.0 90.9 27.7 
pt-Methionine 82.0 0 0 
vt-Isoleucine 303.2 95.6 111.1 36.6 
t-Leucine 288.4 0 7.5 2.6 
a 0 0 1.4 
pui-Phenylalanine 121.6) 3 
L-Tyrosine 150.4f 8.8 13.5% 5.0 
Ornithine 0 0 1.2 
u-Lysine hydrochloride 168.0 13.2¢ 12.7* 7.5 
t-Histidine hydrochloride 79.2 15.8* 16.3* 20.6 
DL-Tryptophan 42.2 3.3 _ 7.8 
t-Arginine hydrochloride 116.2 0 0 
-Cystine 76.2 0 0 

Total 2787.8 357.7 407.0 





1 Fed ration AAis containing 24.4% of amino acids. 


2 Values obtained after hydrolysis. 


3 Calculated together because of failure to separate sharply. 


* Calculated as hydrochloride. 











TABLE 4 
Urinary excretion of amino acids 
Diet 

AAs AAis AAs 
Amino acids fed, mg/day/rat 1394 2089 2788 

Amino acids excreted,’ % of intake 
“Free” amino acids 13.2 8.8 12.7 
“Bound” amino acids? 1.9 0.3 1.3 
Total amino acids 15.1 9.1 14.0 
p-Amino acids** 26.28 10.5% 34.2 





1 Includes only those amino acids present in the diet and taurine. 

2 Represents difference between the amino acids in urine before and after hydrolysis. 
* Calculated as per ceut of p-amino acids fed. 

“Represents the difference between the amino acids in hydrolyzed urine before and 


after treatment with p-amino acid oxidase. 


relatively large proportions, mostly in the 
free form, which is in accord with the sug- 
gestion of Evered (’56) that this amino 
acid has a high renal clearance. The other 
amino acids were excreted in much smaller 
quantities; their origin is not necessarily 
or solely dietary. The general pattern of 
amino acid excretion was similar in rats 
with all three different amino acid intakes, 
valine, isoleucine and threonine in each 


case being the most prominent comp? 
nents. 

A summary of the total, free, “bounf! 
and p-amino acid excretion observed with 
the three different diets is shown in table 
4. The reason for the smaller percentage 
of free amino acids excreted by rats fel 
ration AAs, which contained 18.3% @ 
amino acids is not apparent; it may reflec 
their more efficient and more 
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TABLE 5 
Preferential excretion of p-amino acids 
Diet 

Amino acid —o 

AAs AAis AAw 
% of intake? % of intake? % of intake? 

Threonine D- 62.3 9.1 41.0 
L- 14.5 26.8 33.8 
Valine D- 41.3 29.9 51.4 
L- 12.1 6.2 5.8 
Isoleucine D- 47.3 35.5 65.2 
L- 15.7 4.7 8.2 





1The amounts fed per rat per day in diets AAs, AAis and AAi, respectively, were 91.2, 
136.8 and 182 mg pt-threonine; 164.2, 246.3 and 328.4 mg pt-valine; 151.6, 227.4 and 


303.2 mg of pt-isoleucine. 
2Of the corresponding isomer. 


metabolic utilization, which is also sug- 
by the larger proportion of urea 
excreted by these rats (table 2). 

It must be recognized that the admin- 

istration of a whole day’s ration in two 

does not correspond to the normal 
feeding habits of the rat and that tempo- 
rary overloading of the organism with 
amino acids may have contributed to the 
extensive excretion of some amino acids 
and of ammonia. The relatively high con- 
centration of ammonium compounds in 
the urine is in accord with the report by 
Cedrangolo et al.,* that after administra- 
tion of D-amino acids the urinary excretion 
of ammonia increased more than that of 
urea. 

The greatest proportion of “bound” 
amino acids (12.6% of the total) was found 
in the urine of rats fed the smallest 
amounts of amino acids, with diet AA:s. In 
man, Stein (53) and Harrison and Harrison 
(57) have observed urinary excretion of 
higher proportions of “bound” amino acids 
than reported here. 

D-Amino acids in the urine. Treatment 
of the urines with p-amino acid oxidase 
revealed that, with one exception (threo- 
nine excreted by rats fed diet AA), the 
Bisomers accounted to a large extent for 
the relatively high concentrations of threo- 
tine, valine and isoleucine in the urines 
(table 5). The highest ratio p/L-isomer, 
namely 8.9, was observed with valine in 
the urine of rats fed 328 mg of a racemic 
mixture of this amino acid per day. With 
mother diet which contained only 10 
amino acids (Schultze, 55) the excretion 


of as much as 76.1 and 89.5% of the in- 
gested D-isomers of valine and isoleucine 
respectively, has been observed in the urine 
of rats fed 319 mg of pt-valine and 228 
mg of pt-isoleucine.’ No satisfactory ex- 
planation is at hand for the great vari- 
ability in the excretion of these D-amino 
acids under different dietary conditions. 
Evidence for the excretion of a relatively 
small proportion, 7.8% of the administered 
D-phenylalanine was obtained only in case 
of diet AA» which furnished the largest 
amount of this compound, 60.8 mg per rat 
per day. The presence of p-aspartic acid, 
D-alanine or D-methionine could not be 
detected in any of the urine. 

Excretion of 2-oxo-acids. The inter- 
mittent administration of relatively large 
amounts of amino acids to the rats used 
in these experiments and their subsequent 
rapid absorption and deamination could 
cause extensive production of 2-oxo-acids 
and their excretion in the urine. When the 
mixed 2,4-dinitrophenylhydrazones pre- 
pared from carbonyl compounds in urine 
were separated by paper chromatography, 
9 components were observed. Among 
these, 8 compounds were identified and 
quantitatively determined (table 6). One 
unidentified component had an Ry value 


* Cedrangalo, I. F., F. Salvatore, S. Papa and 
C. Saccone 1960 Urea and ammonium salts 
excretion after oral administration of ammonium 
salts or D-amino acids. Abstracts of Sectional 
papers, Fourth Internat. Congress Biochemistry, 
XV, p. 153, Pergamon Press, New York. 

*Hedin, P. A. 1958 Products of metabolism 
of protein-free amino acid diets fed to rats. 
Ph.D. Thesis, University of Minnesota. 
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TABLE 6 
Urinary excretion of carbonyl compounds 
Diet 
AA1s AAs AA1s 
mg/rat/day 

2-Oxo glutaric acid 21.15 20.30 13.20 
Oxalacetic acid 0.90 0.99 0.63 
Pyruvic acid 0.23 0.49 0.42 
2-Oxo butyric acid 0.61 1.15 0.83 
2-Oxo-4-methylvaleric acid 0.42 0.89 0.42 
2-Oxo-4-methylthiobutyric acid 0.56 0.45 1.06 
2-Oxo-3-methylbutyric acid 0.16 0.24 0.20 
Acetone 0.08 0.15 0.21 
Unidentified 0.20 0.24 0.33 
Total 24.31 24.90 17.30 

Estimated excretion of dietary amino 
acids as 2-oxo-analogs, % 1.74 1.19 0.62 





1 Quantity estimated from mean absorption 


of 0.88, slightly greater than that of the 
reference specimen of phenylpyruvic acid; 
this compound may have been formed from 
phenylalanine; it was not p-hydroxyphe- 
nylpyruvic acid acid, however. 

The data in table 6 show that rats ex- 
creted the oxo-analogs of methionine, va- 
line, leucine, glutamic acid, aspartic acid 
and alanine. For the latter three com- 
pounds, particularly, there is no assurance 
that these were produced by direct deam- 
ination of the dietary amino acids. The 
important point of the data in table 6 is 
the demonstration that despite relatively 
large intakes of amino acids (table 3) not 
more than a small fraction was excreted 
in the form of 2-oxo-analogs, even under 
the somewhat abnormal conditions of feed- 
ing used in these experiments. The rat 
can evidently metabolize not only the ni- 
trogen of D-amino acids but also the deam- 
inated carbon compounds. The derivatives 
of butyric acid and valeric acid listed in 
table 6 have previously been prepared by 
Waelsch and Miller (’42) from the urine 
of rats fed racemic mixtures of amino 
acids. Although no methionine was ob- 
served in the urine of the rats, its 2-oxo- 
analog was readily detected and meas- 
ured. Isolation of the 2,4-dinitropheny]l- 
hydrazone of acetone from the urine of 
rats is no assurance that acetone was ex- 
creted; it may have been formed by de- 
carboxylation of the acetoacetic acid de- 
rivative during isolation (E] Hawary and 
Thompson, °53). 


coefficients of other components. 


The early observations by Wohlgemuth 
(705) and Dakin (°10) that the urine ¢ 
animals contained predominantly the wm 
natural isomer following the administr 
tion of relatively large amounts of racemic 
tyrosine, suggested that the animal o@ 
ganism had a limited capacity to metab 
olize D-isomers of amino acids. Krebs ('35) 
showed subsequently, however, that kidney 
enzymes can deaminate in vitro the > 
isomers of some amino acids more 
than the L-isomers. In the intact 
however, the oxidation of the L-isomer may 
be more rapid (Hassan and Greenberg, 
52) and more of the D-isomer may appea 
in the urine. The predominant excretion 
of some D-amino acids in the urine reflects 
the joint effects of differences in rates of 
metabolism, of absorption from the smal 
intestine and, presumably also, from the 
renal tubules. Evidence for more rapid 
absorption of L-amino acids from the smal 
intestine has been reported from sever 
laboratories (Gibson and Wiseman, ‘Sl; 
Wiseman, ’53; Agar et al., 56; Jervis ani 
Smyth, 59a; Neil, 59). The presence d 
enantiomers in the lumen of the ® 
testine, moreover, may affect the rates d 

ion of the same and other amim 
acids (Jervis and Smyth, ‘59b). In th 
present experiments, restricted absorptim 
of amino acids from the gut does not ap 
pear to have been a major limiting factr 
inasmuch as the fecal excretion of nit 
gen was essentially the same regardles 
of the nitrogen intake. It is more likey 
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that a higher renal clearance of D-amino 
acids as reported for several species (Sil- 
ber et al., "46; Crampton and Smyth, ’53; 

an, 56; Gartler and Tashian, ’57) 
contributed to the presence of relatively 
large amounts of several pD-amino acids in 
the urine which was observed in the pres- 


ent experiments. 


SUMMARY 


Protein-free diets containing 8 of 16 
amino acids as racemic mixtures were ad- 
ministered to rats by stomach tube and the 
urine was analyzed for different nitrogen 
compounds, including pD-isomers of amino 
acids and for 2-oxo-acids. 

Under these conditions, the following 
observations were made: 

1. Rats were in nitrogen balance and 
urinary nitrogen could be accounted for 
by urea, allantoin, uric acid, amino nitro- 

creatinine, creatine and ammonia. 

2. Of the administered amino acids 
threonine, valine and isoleucine were ex- 
creted in the largest amounts. 

3. As much as 13% of the amino acids 
in urine was in “bound” form, subject to 
acid hydrolysis. 

4. As much as 62% of the administered 
pthreonine, 51% of p-valine and 65% of 
pisoleucine was excreted in the urine. 

5. The 2-oxo-acids in the urine ac- 
counted for not more than 1.75% of the 
administered amino acids. 
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Amino Acid Balance and Imbalance 


yi. EFFECTS OF DIETARY ADDITIONS OF AMINO ACIDS ON 
FOOD INTAKE AND BLOOD UREA CONCENTRATION 
OF RATS FED LOW-PROTEIN DIETS CONTAINING 


FIBRIN’ 


U. S. KUMTA anp A. E. HARPER 
Department of Biochemistry, University of Wisconsin, Madison, Wisconsin 


A fall in food intake can usually be 
within a short time after an ani- 
been fed ad libitum a diet in 
amino acid imbalance has been 
ther by the addition of a rela- 
small amount of one or two amino 
(Harper, ’58, 59; Harper and Kumta, 
59; Kumta and Harper, ’60) or by the 
addition of a larger amount of an amino 
acid mixture or unbalanced protein lack- 
ing one indispensable amino acid (Salmon, 
98; Harper and Kumta, ’59; Morrison and 
, 60). This occurs both in weanling 
(Deshpande et al., 58) and in adult rats 
(Kumta et al., 58) within 24 hours after 
they have eaten a diet containing 6% of 
fibrin to which has been added from 0.5 
to 1.0% of a mixture of the second most 
limiting amino acids, methionine and 
phenylalanine. In protein-depleted rats, 
a fall in the rate of ingestion of the diet 
containing additional methionine and 
phenylalanine can be detected within 4 
hours (Harper and Kumta, ’59) but food 
intake returns to normal a few hours later 
if the imbalance is corrected by a small 
supplement of the group of most limiting 
amino acids—leucine, isoleucine, valine 
and histidine. 

The depression in food intake cannot be 
attributed to low palatability of the diet 
due to the addition of the amino acids 
causing the imbalance because rats trained 
toeat 12 gm of the basal diet consistently 
in two hours (single daily feeding), eat 
just as much of the imbalanced diet on the 
first day it is offered. On the second day, 
however, they eat less (Kumta et al., 58). 
Also, when protein-depleted rats are offered 
a diet containing amino acids in amounts 
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that cause an imbalance, they eat at the 
same rate as the control group for about 
4 hours, and only thereafter does their 
food intake fall. Correcting the imbalance 
by a further small supplement of amino 
acids prevents the fall in food intake. It 
therefore appears that the rate of food in- 
take is influenced by some systemic effect 
of the unsatisfactory amino acid balance 
of the diet. 

The experiments reported in this paper 
were undertaken in an effort to detect 
some metabolic or physiologic effect that 
occurred in rats within a short time after 
they had eaten a diet imbalanced in amino 
acids. The effect of an amino acid imbal- 
ance on the rate of stomach-emptying, on 
plasma urea concentration’ and on the 
ability of the liver to synthesize trypto- 
phan pyrrolase (Knox and Auerbach, ’55) 
were studied. The effect of stimulating 
food intake by injecting the animals with 
insulin (MacKay et al., 40; Le Magnen, 
56) was also determined. 


EXPERIMENTAL 


Male rats of the Holtzman strain were 
offered water ad libitum in all experiments 
and were fed either the basal diet or diets 
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containing various additional amino acids 
under the different conditions to be de- 
scribed. 
Diets 

The basal diet used was essentially that 
described earlier (Kumta et al., 58). This 
contained (in per cent) fibrin, 6; salt 
mixture (Harper, ’59), 5; corn oil, 5; vita- 
min supplements* (Harper, °59), 0.25; 
choline chloride, 0.15 and dextrin to make 
up 100. Fat-soluble vitamins A, D and E 
were included in the corn oil to provide 
the following concentrations per 100 gm 
of diet: A, 400 I. U.; D, 40 I. U.; and 
a-tocopherol, 10 mg. The protein-free diet 
was of the same composition as the basal 
diet except that the fibrin was replaced by 
dextrin. Additions of amino acids, as 
indicated in the tables, were compensated 
for by adjusting the percentage of dextrin. 


Single daily feeding 


Male rats weighing about 150 gm were 
trained to accept a single daily feeding ac- 
cording to the procedure outlined previ- 
ously (Kumta et al., 58). During the 
training period the rats were fed the basal 
diet for only two hours each day. Only 
rats that gained the same amount of 
weight and which were consuming the 
same amount of food were used. 

Stomach emptying. To determine the 
effect of an amino acid imbalance on the 
rate of stomach emptying, rats trained to 
accept a single daily feeding were fed: 
(1) the imbalanced diet prepared by add- 
ing 0.4% of pt-methionine and 0.6% of 
pL-phenylalanine to the basal diet, or (2) 
the basal diet made isonitrogenous with 
the imbalanced diet by the addition of 1% 
of L-glutamic acid. The rats were fed the 
imbalanced diet for two days consecu- 
tively before they were used for an experi- 
ment because food intake decreased only 
on the second day (Kumta et al., ’58). 
On the day of an experiment the control 
and the experimental groups were fed the 
same amount of food; then at the various 
time intervals after the two-hour feeding 
period, as indicated in the results, 5 rats 
from each group were killed by ether 
anesthesia. The stomachs were removed 
and the contents washed with distilled 
water into tared aluminium dishes. The 
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samples were then dried in an oven g 
105° and weighed. 

Effect on food intake. Several amin 
acid mixtures retard the growth rate ¢ 
weanling rats (Kumta et al., 61); ther 
fore 1% of each of these mixtures, anj 
an equal quantity of others that do not 
were added to the basal diet to permit com. 
parisons of their effects on the food intake 
of rats trained to accept a single daily 
feeding. Comparisons were made over 4 
period of 4 days. Each group consisted of 


5 rats. 
Protein depletion 


Rats that weighed 120 to 130 gm wer 
fed the protein-free diet for 4 days. Ani 
mals that lost approximately 15 to 20 gm 
were selected and separated into group 
of 10 rats each. These were then fasted 
for 12 hours and were subsequently fed 
the various test diets for two hours. The 
amounts of food consumed were meas 
ured, and rats that ate the same amount 
were used for determining the effect of 
an amino acid imbalance on blood urea 
concentration and on the induction of tryp 
tophan pyrrolase. 

Plasma urea determinations. Groupsof 
protein-depleted rats were anesthetized 
with ether at intervals after they had been 
allowed to eat for two hours, blood was 
withdrawn by heart puncture, and the 
plasma separated by centrifuging the 
heparinized blood samples. Protein-fre 
filtrates were prepared using 10% sodium 
tungstate and 0.67 N H.SO, (Folin and 
Wu, °19). Aliquots of the filtrate wer 
used for the determination of urea by the 
colorimetric procedure of Archibald (45). 
Values obtained by this method may be a 
much as 1.5 mg of urea per 100 mld 
plasma above those obtained by the urease 
method. 

Tryptophan pyrrolase. For the study 
of this inducible enzyme, the procedure 
used was that described by Knox ani 
Auerbach (’55) with a few modifications 
Four milliliters of a 0.33 M solution of & 
tryptophan were injected into each rat. A 
separate group of rats was injected with 
4 ml of a 0.9% saline solution. The pe 
tein-depleted rats were divided into severd 


3 Some of the crystalline vitamins were kindy 
provided by Merck Sharp and Dohme Researth 
Laboratories, Rahway, New Jersey. 
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groups (each consisting of 5 rats) and 
were fed: (1) a protein-free diet (2) the 
pasal diet supplemented with 1% of L- 
ic acid, and (3) the basal diet 
emented with 0.4% of pL-methionine 
and 0.6% of pi-phenylalanine. A group 
of protein-depleted rats was also fed 2.5% 
of pt-ethionine. The rats were sacrificed 
5 hours after the feeding period of two 
hours. The livers were removed and ho- 
mogenized for two minutes with 7 to 9 
yolumes of cold 0.14 M KCl containing 
0.0025 N NaOH. The homogenates were 
bated with or without 0.03 M L- 
an as the substrate for 5 minutes 
at 37°C. Following this, they were incu- 
bated for one hour with O. as the gas 
phase. A 15% solution of meta-phosphoric 
acid was used to stop the reaction and the 
amount of kynurenine formed was deter- 
mined by measuring the absorption at 
365 mu in a Beckman D. U. spectropho- 
tometer. 
Insulin treatment 


Male rats of 40 to 50 gm were fed the 
basal diet ad libitum for a preliminary 
period of 4 to 5 days to allow them to 
adapt to the diet and new environment. 
Rats that showed a progressive weight 
gain were selected and separated into 
groups of 5 that did not differ in average 
initial weight by more than 1 gm. These 
rats were offered the various experimental 
diets ad libitum and were weighed daily. 
Food consumption was also recorded. In- 
sulin (protamine zinc insulin)* was in- 
jected subcutaneously to provide one unit 
per rat per day. 


RESULTS 


The results shown in figure 1 provided 
no evidence that an amino acid imbalance 
caused by adding methionine and phenyl- 
alanine to the 6% fibrin diet affected the 
tate of stomach-emptying of rats that had 
fed a single large meal (11.8 gm). 
the first 5 hours after the feeding 
, the basal diet and the diet contain- 
additional methionine and phenylal- 
left the stomach at the same rate. 

difference observed at 8 hours was 
statistically significant. The stomach- 
emptying patterns resembled those de- 
scribed by Peraino et al. (’59) for rats fed 
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Fig. 1 Stomach emptying: Percentage of dry 
weight recovered at intervals after feeding diets 
for two hours. Average food consumption of each 
group was 11.8 gm; O—O basal diet contain- 
ing 6% of fibrin + 1% t-glutamic acid; @—®@ 
imbalanced diet containing 6% of fibrin + 0.4% 
pDL-methionine + 0.6% pt-phenylalanine. 





of emptying was somewhat slower in the 
present study possibly because of the much 
larger amount of diet fed. 

Plasma urea concentrations were esti- 
mated at one, 5, 6 and 8 hours after feed- 
ing rats trained to accept a single daily 
feeding, equal amounts of either the basal 
diet or the diet containing additional me- 
thionine and phenylalanine. Average 
values for groups fed the diet containing 
methionine and phenylalanine were higher 
than those for the control groups at each 
time interval, with the greatest difference 
occurring three hours after the end of the 
feeding period (fig. 2). Similar results 
were obtained in an experiment in which 
protein-depleted rats were fed 5 gm of 
these diets. In the latter, plasma urea 
concentration rose to a maximum at three 
and one-half hours and returned to nor- 
mal after 7 hours. 

Plasma urea values for rats trained to 
accept a single daily feeding are generally 
much lower than values for protein-de- 
pleted rats (compare figure 2 and tables 1 
and 2). The greatest difference has been 
observed with animals in the fasting state. 
The nature of the metabolic change re- 
oo for this effect has not been stud- 


“Abbott Laboratories, North Chicago, Illinois. 
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Fig. 2 Plasma urea concentrations at intervals 
after ingestion of 5 gm of diet in two hours; 
@—@ imbalanced diet containing 6% of fibrin + 
0.4% pti-methionine + 0.6% pt-phenylalanine; 
O—O basal diet containing 6% of fibrin + 0.4% 
L-tyrosine + 0.25% pi-threonine (added to make 
the diets iso-nitrogenous ). 
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To find out whether an elevated plasma 
urea concentration was characteristic of 
the imbalance caused by methionine and 
phenylalanine, various amino acid mix- 
tures were tested for their effect on the 
food intake of rats trained for single daily 
feeding and, in separate experiments, 
plasma urea concentrations of protein- 
depleted rats fed the various diets were 
determined three hours after feeding them 
a single meal. 

Amino acid mixtures that were known 
not to retard growth rate caused no eleva- 
tion of plasma urea concentration nor any 
lowering of food intake (table 1). Plasma 
urea concentrations of the various groups 
ranged from 22 to 29 mg/100 ml of 
plasma with the value for the control 
group, which received additional glutamic 
acid, being 25.6 mg. 

Among amino acid mixtures known to 
retard growth (table 2), only the com- 
bination of arginine and threonine caused 
an elevation of plasma urea concentration 
comparable to that observed for the group 
receiving methionine and phenylalanine, 
yet these amino acids, unlike the combina- 
tion of methionine and phenylalanine, did 
not depress food intake within 4 days. A 
supplement of arginine and threonine de- 





10.7 + 1.67 


10.6+1.5 
11,.5+2.2 


period. 





10.8 + 1.8 
9.2+2.0 
11.1+1.8 


Day of experiment 


Daily food intake* 


10.2 +0.8* 
9.15+1.8 
11.0 +1.4 


of 6 protein-depleted rats three hours after ingestion of 5 to 6 gm of diet within a two-hour 


+1,18 


9.21+2.0 
10.6 +1.6 








TABLE 1 
Effects on plasma urea concentration and food intake of additions of amino acid mixtures that do not cause growth depressions in rats 
10.5 


Plasma urea 
concentration! 





fed a diet containing 6% of fibrin as the source of protein 





of a group of 5 adult rats trained for single daily feeding, determined in separate experiments. 


Amino acids added 
% 1-Cystine+0.6% pt-tyrosine 
food consumption 


4% o.-Methionine + 0.6% t-lysine 
1 Average values for groups 


2 Average 
* Standard error of the mean. 








4% .-Cystine+ 0.6% p1i-phenylalanine 
Effects on plasma urea concentrations and food intak 


0.4% pt-Methionine + 0.6% pi-threonine 


0.4% pvi-Methionine + 0.6% p.-tyrosine 
4% pvui-Threonine + 0.6% t-lysine 
1% 1t-Glutamic acid (control ) 


4 


0 
0 
0 
0 








t cause severe growth depressions in rats 
Day of experiment 


Daily food consumption? 








TABLE 2 


Effects on plasma urea concentrations and food intakes of additions of amino acid mixtures t 
concentration! 


Plasma urea 


fed a diet containing 6% of fibrin as the source of protein 
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32 Standard error of the mean. 
Amino acids added 














AMINO ACID IMBALANCE 143 





EHHHHHHHHHH 


J be be > by Bet Be be & | 


fe Be o. TF D- Det A | 


*- & O Rik Dd fe & 


KAO AH Oe 
EH HHHHHH HHH 
Brana sasas 


if bh Bt me Be b> BR Be: 


iaaadadasaa 
So28 1 
Hue a3 
& 8 aA 4 
as ees bee 
eeecco sabe 
oo agagers 
i 
HETHEH 
KKRKKKKKKLK 
$3SSSSSS5" 





g, determined in separate experiments. 


ingestion of 5 to 6 gm of diet within a two-hour period. 


gle daily f 


1 Average values for groups of 6 protein-depleted rats three hours after 
* Average food consumption of a group of 5 adult rats trained for sin 


3 Standard error of the mean. 





pressed both growth and food intake of 
weanling rats fed ad libitum after 5 to 8 
days (Kumta et al., 61). Combinations 
of leucine with methionine or phenylal- 
anine, which caused depressions of 56 
to 75% in growth rate, (Kumta et al., 
61) decreased food intake on the second 
day and the effect persisted on the third 
and 4th days. These amino acids, how- 
ever, did not cause any rise in plasma 
urea concentration. Also, other amino 
acid mixtures which depressed food intake 
caused no elevation of plasma urea concen- 
tration such as that observed after feed- 
ing the diet containing methionine and 
phenylalanine. 

Thus, among amino acid pairs known 
to cause growth depressions when added 
to the diet of weanling rats receiving 6% 
of fibrin, only the combinations of methi- 
onine and phenylalanine or arginine and 
threonine caused elevations in plasma 
urea concentration. Since growth depres- 
sions caused by these amino acids were 
prevented by a supplement of the most 
limiting amino acids, leucine, isoleucine, 
valine and histidine (Kumta et al., 61) 
plasma urea concentrations of rats re- 
ceiving a supplement of these 4 amino 
acids with methionine and phenylal- 
anine or arginine and threonine were 
determined. The results presented in table 
3 show that no rise in plasma urea con- 
centration occurred after the addition of 
the group of most limiting amino acids. 

The ability of the liver to synthesize the 
adaptive enzyme, tryptophan pyrrolase, 
after rats had been fed equal amounts of 
the basal or the imbalanced diet is shown 
in table 4. In agreement with Knox and 
Auerbach (’55) a 10- to 12-fold response 
to injected tryptophan was obtained in 5 
hours. The response was the same in rats 
fed a protein-free diet, the basal or the 
imbalanced diet, indicating that the reac- 
tions involved in the synthesis of this 
enzyme are not sensitive to the dietary 
balance of amino acids. Less enzyme was 
formed, however, when ethionine was 
added to the protein-free diet. Lee and 
Williams (52) observed a similar in- 
hibitory effect of ethionine. 

The effects of injecting weanling rats 
fed either the basal or the imbalanced 
diet with insulin are shown in table 5. 
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TABLE 3 


Effect of a supplement of the most limiting amino acids on plasma urea concentrations of 
rats fed a diet containing 6% of fibrin and methionine plus phenylalanine 
or arginine plus threonine 





Plasma urea 
concentration! 


Diets 





mg/100 ml 
23.2+2.1? 
38.7 + 2.8 
26.8+1.7 
39.7+2.3 
27.9+18 


6% Fibrin+1% tu-glutamic acid 

6% Fibrin + 0.4% pi-methionine + 0.6% pt-phenylalanine 
Diet 2+ amino acid mixture*® 

6% Fibrin+0.4% pt-threonine + 0.6% L-arginine 

Diet 4+ amino acid mixture* 


1 Average values for groups of 5 protein-depleted rats three hours after ingestion of 5 to 6 
gm of diet within a two-hour feeding period. 

2 Standard error of the mean. 

* The mixture of limiting amino acids contained: t-leucine, 0.1%; pt-isoleucine, 0.1%; 
pi-valine, 0.15%; and t-histidine-HCl, 0.05%. 





TABLE 4 


Tryptophan pyrrolase activity of liver 5 hours after injection of .-tryptophan into 
protein-depleted rats fed for two hours 


Tryptophan pyrrolase activity 

Saline 0.33 M an Difference 

injected (1) pare ore (2 minus 1) 

umoles of ete dry weight/hour 
Protein-free diet! 1.44 16.4 14.96 
6% Fibrin+1% t-glutamic acid 2.66 10.82 

6% Fibrin+0.4% pti-methionine + 
0.6% vi-phenylalanine 1.84 


Protein-free diet? 
Protein-free diet + 2.5% pi-ethionine 


1 Protein free diet fed for 4 days. 
2 Protein free diet fed for 7 days. 











13. 40 


12.46 
13.26 
5.28 


14.30 
16.50 
8.44 





TABLE 5 
Effects of daily injections of insulin on the gain in weight and food consumption of rats 
fed on diets containing 6% of fibrin 


Injections 
Saline Insulin! 





Gain in 
weight 


gm/10 days 
17.8 + 1.8? 
17.7+1.4 


9.0+2.2 








6% Fibrin aa _ 
6% Fibrin _ + 
6% Fibrin + 0.4 pt-methionine + 

0.6% vi-phenylalanine ~ -- 
6% Fibrin+0.4% pt-methionine + 

0.6% pt-phenylalanine _ ~ 20.3 + 0.8" 


1 Protamin zinc insulin injected subcutaneously to provide 1 unit/rat/day. 
* Standard error of the mean for 5 rats. 
% The difference between these two groups is highly statistically significant. 


lated it significantly. In other experimai 
with an imbalance induced by an 





Insulin did not stimulate the food intake 
of rats fed the basal diet but the food in- 


take of rats fed the imbalanced diet con- 
taining additional methionine and phe- 
nylalanine was stimulated. The increased 
intake of the imbalanced diet did not re- 
tard growth, but on the contrary stimu- 


acid mixture lacking histidine, wi 
causes a more severe depression in food 
intake, a number of rats died, 

from insulin shock because they failed 
eat enough food. The few rats that sur 
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yived showed increased growth and food 
intake. 
DISCUSSION 

The almost immediate decrease in food 
intake of young rats fed a diet deficient in 
an amino acid (Rose, ’38; Frazier et al., 
47; Lepkovsky, ’48) is generally attributed 
to a reduction in the need for all nutrients 

animals that are not receiving enough 
balanced protein to permit a rapid rate of 

. A fall in the food intake of young 
rats fed a diet containing 6% of fibrin also 
occurs almost immediately when sufficient 
methionine and phenylalanine are added 
to cause an amino acid imbalance (Harper 
and Kumta, °59). Here, however, the 
quantity of balanced protein and the quan- 
tity of the most limiting amino acids in 
the diet remain unchanged. Food intake 
and, hence, growth of rats receiving such 
an imbalanced diet are stimulated if the 
concentrations of the most limiting amino 
acids or the quantity of balanced protein 
in the diet are increased. Animals fed an 
amino acid-deficient diet respond similarly 
to such supplements. This has led to the 
conclusion that an amino acid imbalance 
increases the need for the most limiting 
amino acid or acids in the diet, or in other 
words, that an amino acid imbalance in- 
creases the severity of an existing defi- 
ciency or may lead to the development of 
a deficiency where none existed before 
(Harper, ’58). 

Evidence that the efficiency of utiliza- 
tion of the most limiting amino acid in 
the diet is depressed has been presented 
(Kumta and Harper, 60). Such an effect 
would be anticipated if the rate of catab- 
olism of amino acids were increased in 
some way owing to the imbalance. Evi- 
dence that the urinary excretion of amino 
acids increases owing to an amino acid 
imbalance has also been presented (Sau- 
berlich and Salmon, ’55; Salmon, ’58) but 
the increased excretion was considered in- 
sufficient to account for the growth de- 
pression. The rise in the blood urea con- 
centration of rats fed the diet in which an 

was caused by the addition of 
methionine and phenylalanine (fig. 1) and 
the prevention of the rise when the diet 
was further supplemented with the most 
limiting amino acids (table 3) suggests 
that this imbalance stimulates amino acid 
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catabolism. However, a rise in blood urea 
concentration does not occur under similar 
conditions when certain other mixtures of 
amino acids that cause a reduction in food 
intake and a depression in growth rate are 
added to the diet (table 2). Thus, no 
general relationship between blood urea 
concentration and growth retardation or 
depression of food intake can be postu- 
lated. Whether this implies that the effects 
of the different amino acid mixtures are 
qualitatively different or only quantita- 
tively different remains to be determined. 

The ty that the depression in the 
food intake of rats fed the diet containing 
methionine and phenylalanine is caused 
by a slowing of the rate of passage of food 
from the stomach would appear to be 
ruled out because no effect from the addi- 
tion of methionine and phenylalanine on 
stomach-emptying was detected within 7 
hours from the beginning of the feeding 
period (fig. 1), whereas a depression in 
food intake was detected within 4 hours 
(Harper and Kumta, ’59). 

Little attention has been paid in studies 
either in vivo or in vitro to the possibility 
that protein synthesis may be depressed 
if the amino acid pattern of the medium at 
the sites of synthetic activity deviates from 
the ideal pattern. Certainly the imbalance 
resulting from the addition of methionine 
and phenylalanine to a diet that is low in 
fibrin does not cause any inhibition of the 
synthesis of the enzyme tryptophan pyr- 
rolase in response to an injection of trypto- 
phan. The increase in enzyme activity 
probably represents little protein synthesis; 
hence the lack of an effect in this experi- 
ment, while suggestive, does not preclude 
the possibility that there may be condi- 
tions in which an amino acid imbalance 
can depress protein synthesis directly. The 
inhibition observed when the methionine 
antagonist, ethionine, is administered in- 
dicates that the synthesis of specific pro- 
teins can be inhibited in vivo. 

The observation that rats fed the im- 
balanced diet gained as much as those fed 
the basal diet when food consumption was 
stimulated by the administration of in- 
sulin indicates that some basic mechanism 
regulating food intake is affected by an 
amino acid imbalance. The increased 


weight gain of the rats treated with insulin 
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is evidently due to the increased intake of 
the most limiting amino acids. As shown 
previously (Kumta and Harper, 60), the 
level of the most limiting amino acids in 
the diet is critical in demonstrating the 
growth-retarding effect of methionine and 
phenylalanine because this imbalance can- 
not be demonstrated if the fibrin content 
of the diet is increased much above 6%. 
Whether the increased growth rate as a 
result of insulin injections is due to the 
effect of insulin on amino acid transport 
(Kipnis and Noall, 58) or on the incor- 
poration of amino acids into proteins 
(Manchester and Young, ’58; Karner, ’60; 
Doell, 60) or whether the effect is merely 
due to the stimulation of food intake be- 
cause of the lowering of blood glucose 
(Morgan and Morgan, *40; Lawrence et 
al., 54) cannot be determined from these 
experiments. In any event, the appetite- 
depressing effect of the amino acid im- 
balance caused by adding methionine and 
phenylalanine to a diet containing 6% of 
fibrin is counterbalanced by the appetite- 
stimulating effect of insulin. The appetite- 
stimulating effect of insulin may be less 
effective when the imbalance is more 
severe. 


SUMMARY 


The low food intake of rats fed a diet 
containing 6% of fibrin supplemented 
with methionine and phenylalanine does 
not seem to be associated with a slower 
rate of stomach emptying. Feeding this 
imbalanced diet failed to reduce the ability 
of the rat to synthesize the enzyme trypto- 
phan pyrrolase in response to a test dose 
of tryptophan. 

The blood urea concentration of rats 
was greatly elevated three hours after the 
rats had ingested diets supplemented with 
mixtures of methionine and phenylalanine 
or arginine and threonine, both of which 
cause amino acid imbalance which result 
in depressions in growth and food intake. 
The rise in blood urea concentration was 
prevented by the further addition of the 
amino acids needed to correct the im- 
balance—leucine, isoleucine, valine and 
histidine. 

Food intake was not depressed nor was 
blood urea concentration increased when 
mixtures of amino acids that do not cause 
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growth depressions were included in the 
diet. 

Several pairs of amino acids that causeg 
depressions in growth and food intake dig 
not cause a rise in blood urea concentration 
such as that observed in animals receiving 
methionine and phenylalanine. 

Daily injections of insulin stimulated 
the growth and food intake of rats fed 4 
diet containing 6% of fibrin supplemented 
with methionine and phenylalanine. 
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Tissue Lipid Fatty Acid Composition in 
Pyridoxine-Deficient Rats' 
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A number of investigators have sug- 
gested that there is a relationship between 
pyridoxine and essential fatty acid metab- 
olism. Witten and Holman (’52) reported 
that the conversion of linoleate to arachi- 
donate was impaired in the essential fatty 
acid-pyridoxine deficient rat. The admin- 
istration of linoleate to such doubly defi- 
cient animals produced an increased level 
of total body arachidonic acid, but the 
greatest deposition of that acid was noted 
when linoleate and pyridoxine were fed 
at the same time. Dam et al. (’58) have 
made similar observations in chicks. Gos- 
wami and Sadhu (’60) also reported that 
in pyridoxine-deficient rats there was a 
lower serum tetraenoic acid level com- 
pared with normal animals. Another indi- 
cation of a relationship between pyri- 
doxine and the essential fatty acids has 
been the observed similarity in the skin 
lesions of vitamin B.- and essential fatty 
acid-deficient rats (Quackenbush et al., 
42). In a recent study, however, Williams 
and Hincenbergs (’59) concluded that 
arachidonic acid and linoleic acid are 
not directly involved in the acrodynia of 
pyridoxine deficiency. Pyridoxine-deficient 
rats fed cottonseed oil or archidonic acid 
did not show any improvement in their 
dermal symptoms. Sinclair (’56) postu- 
lated that the essential fatty acids play an 
important role in the genesis of athero- 
sclerosis and that pyridoxine might be in- 
directly involved since it is necessary for 
the conversion of linoleate to archidonate. 
In agreement with that hypothesis, Rine- 
hart and Greenberg (’49) have shown that 
sclerotic lesions closely resembling those 
in man occur in pyridoxine-deficient mon- 
keys. Recent studies from our laboratories 
(Swell et al., ’60b) have demonstrated a 
correlation between the percentage of 
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arachidonic acid in the serum cholester 
esters of several species and their su 
bility to atherosclerosis. Rat serum choke 
terol esters have an exceedingly high con 
tent of archidonic acid (50% ), whereas 
a susceptible species such as the rabbit 
has a very low level of that acid (1 to 2%), 
Because of the suggested relationship be 
tween the essential fatty acids and ather 
sclerosis and the possible role of py 
doxine in the synthesis of arachidonic 
acid, it seemed important to explore mor 
fully the effect of pyridoxine deficiency on 
tissue lipids and fatty acids. Data am 
presented on the fatty acid distribution, as 
determined by gas-liquid chromatography, 
in the major tissue lipid fractions in nor 
mal and pyridoxine-deficient rats. 


EXPERIMENTAL 


Male rats (60 to 80 gm) of the Ca 
worth strain were used. Each group (nor 
mal and pyridoxine-deficient) contained 
28 animals. One group was fed a normal 
diet* consisting of vitamin-free casein, 
27%; starch, 59%; vegetable oil, 10%; 
salt mixture (USP XIV), 4%; plus ade 
quate amounts of the vitamins. Th 
other group received the same diet with 
the omission of pyridoxine. Both groups 
of animals ate the same amount of food 
per day; the amount of food available t 
the normal group was governed by the it 
take of the experimental group. At the 
end of 40 days the rats fed the 
deficient diet exhibited retarded growth 
and acrodynia. The average weight gail 
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FATTY ACIDS IN PYRIDOXINE DEFICIENCY 


for the 40-day period in the control group 
was 142 gm and in the pyridoxine-defi- 
cient group, 66 gm. The animals were 
sacrificed (at the end of 40 days) and the 
following tissues removed: blood from the 
abdominal aorta, liver and adrenals. The 
average weight of the livers for the con- 
trol group was 6.8 gm, and 6.2 gm for the 
xine-deficient group. The tissue 
were extracted as described pre- 
viously (Swell et al., 58) with the ex- 
that following the initial ex- 
tractions with 1:1 acetone-alcohol three 
additional extractions were carried out 
with 2:1 chloroform-methanol. Cholesterol 
esters, triglycerides and phospholipids 
were separated by chromatography on 
silicic acid according to Fillerup and Mead 
(53) with several modifications. The 
silicic acid mixture consisted of 100 parts 
(100-mesh) Mallinckrodt silicic acid and 
70 parts Hyflo Super-Cel. The mixture 
was heated for 24 hours at 120°C prior to 
use. Cholesterol esters were eluted with 
1% ethyl ether in petroleum ether and 
triglycerides with 4% ethyl ether in petro- 
leum ether. Next, the free cholesterol and 
minor lipid components were eluted with 
2% ethyl ether in petroleum ether and 
discarded. The phospholipids were then 
eluted with 100% methanol. The isolated 
lipid fractions were weighed, interesteri- 
fied in HC] methanol and the methyl esters 
sublimed according to the method of Stof- 
fel et al. (’59). Gas-liquid chromatog- 
raphy was carried out as described earlier 
(Swell et al., 60a) with a succinate poly- 
ester of diethylene glycol as the stationary 
phase. Free and total cholesterol determi- 
nations on the original extracts, before 
chromatography, were carried out by the 
method of Sperry and Webb (’50). Tri- 
tlyceride and phospholipid determinations 
were carried out by weighing the respec- 
tive silicic acid column fractions. The 
determinations of in vitro corticoid secre- 
tion by the isolated rat adrenal was car- 
tied out as described by Eisenstein (56). 
Total steroid hormone production was 
measured by the change in the absorption 
spectrum at 240 mu. Steroid concentra- 
tion was calculated from the absorption 
spectrum by the method of Allen (’50). 
Steroids with the 17,21-dihydroxy-20- 
ketone side chain were measured by the 
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method of Porter and Silber (50). Statis- 
tical analysis was carried out by the “t” 
test; values of P < 0.01 were considered to 
be significant. 


RESULTS 

Serum lipid fatty acids. The fatty acid 
composition of the different serum lipid 
fractions for both normal and pyridoxine- 
deficient rats are shown in table 1. The 
cholesterol ester fraction had the highest 
percentage of polyunsaturated fatty acids. 
In both normal and pyridoxine-deficient 
animals the polyunsaturated fatty acids of 
that fraction comprised 64 to 66% of the 
total fatty acids. Comparison of the cho- 
lesterol ester fraction in the two types of 
animals indicates that there was signifi- 
cantly less stearic acid (P< 0.01) and 
significantly more linoleic acid (P < 0.01) 
in the pyridoxine-deficient animals. The 
percentage of arachidonic acid was the 
same in both types of animals. The serum 
triglyceride fraction of the pyridoxine- 
deficient group had significantly less (P < 
0.01) arachidonic acid than the normal 
group. Also, the deficient animals had 
more (P< 0.01) linoleic acid and less 
(P < 0.01) saturated fatty acids (palmitic 
and stearic) in that serum fraction. Com- 
parison of the serum phospholipid fatty 
acid composition in both types of animals 
indicates that the only fatty acid showing 
a significant difference was linoleic acid; 
pyridoxine-deficient rats had significantly 
more (P < 0.01) of the acid. In table 3 are 
shown the levels of the major fatty acids 
in the several lipid fractions expressed as 
milligrams per 100 gm or ml. These val- 
ues were derived from the percentage fatty 
acid composition (table 3) and the tissue 
lipid levels (table 6). Differences in the 
fatty acid levels paralleled the differences 
in the total fatty acids of the different 
serum lipid fractions. This was because 
there were no differences in the concentra- 
tion of the different lipid fractions in the 
two groups. 

Liver lipid fatty acids. Data obtained 
on the fatty acid composition of the major 
liver lipid fractions of normal and pyri- 
doxine-deficient rats are shown in table 2. 
There were no significant differences in 
any of the fatty acids in the cholesterol 
esters between the two types of animals. 
The liver cholesterol ester fraction in both 
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types of animals was characterized by a 
much lower level of polyunsaturated fatty 
acids (21 to 23% ) than that fraction in 
the serum. Saturated acids comprised 
from 50 to 53% of the total fatty acids. 
This confirms our earlier finding (Swell 
et al., 60c) with respect to the dissimilar- 
ity in composition of the cholesterol ester 
fractions in the serum and liver of rats. 
In the liver triglyceride fraction there was 
significantly more (P < 0.01) stearic acid 
and significantly less (P < 0.01) arachi- 
donic acid in the pyridoxine-deficient ani- 
mals than in the normal animals. The 
arachidonic acid showed a decline of over 
50%. Comparison of the phospholipid 
fatty acid composition in the two groups 
indicates that there was significantly more 
(P < 0.01) oleic acid and significantly less 
arachidonic acid in the pyridoxine-defi- 
cient animals. Here again, the decline in 
the arachidonic acid was substantial (ap- 
proximately 50%). Table 3 shows the 
level of the different major fatty acids in 
the liver lipid fractions expressed as milli- 
grams per 100 gm or ml. The most nota- 
ble differences were in the phospholipid 
fatty acids. There was an absolute decline 
of the total fatty acids in that fraction of 
47%. Although there were decreases in 
the levels of all the major fatty acids in 
that fraction, the most pronounced de- 
crease was in the level of arachidonic acid 
which dropped from 217 to 49 mg/100 
gm. The other major fatty acids decreased 
by approximately 50% in the pyridoxine- 
deficient animals. The cholesterol ester 
and triglyceride fatty acid levels paralleled 
the percentage total fatty acid as indicated 
in table 2. 

Adrenal lipid fatty acids. The fatty 
acid composition of the several lipid frac- 
tions in both normal and deficient rats is 
shown in table 4. There were no differ- 
ences between the two groups in the per- 
centages of the polyunsaturated fatty 
acids in the several adrenal lipid fractions. 
The adrenal cholesterol ester fatty acids 
in both groups were characterized by a 
high level of those acids (approximately 
47% ). 

Tissue lipid levels. In table 5 are 
shown the free and esterified cholesterol 
levels for serum, liver and adrenals of 
both types of animals. The free, ester and 
total serum cholesterol levels were the 
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same in both normal and pyridoxine-def. 
cient animals. Comparison of the live 
cholesterol fractions shows that there was 
significantly less (P < 0.01) free choles 
terol in the pyridoxine-deficient animals 
The apparent increase of the liver choles 
terol ester fraction in the pyridoxine-def. 
cient animals was not significant. Due tp 
the lower level of the free fraction in thog 
animals, however, there was a consider. 
able increase in the percentage of ester}. 
fied cholesterol in the liver. No significant 
difference was observed in the adreng 
cholesterol levels between the two 

Serum and liver levels for the three ma 
jor lipid fractions are shown in table § 
The liver phospholipid level was markedly 
lower in the pyridoxine-deficient animals 
(17.3 mg/gm) than in the normal an 
mals (32.1 mg/gm). The concentration 
of the cholesterol ester and triglyceride 
fractions was the same in both 
There were no significant differences be 
tween the levels of the several lipid frac. 
tions in the serum of the two types of ani- 
mals. 

Steroid secretion. The steroid secretion 
of rat adrenal slices in vitro expressed as 
y-corticoid produced per two hours 
shown in table 7. Adrenal corticoid syn 
thesis in both types of animals were found 
to be the same by the spectrophotometric 
method (total steroids) and the Porter 
Silber procedure which measures 17,21 
dihydroxy-20-ketone side chain steroids. 


DISCUSSION 


In the earlier studies (Witten and Ho 
man, ’52; Dam et al., 58; and Goswami 
and Sadhu, 60) the tetraenoic and other 
polyunsaturated fatty acids were deter 
mined by the alkali isomerization tech 
nique on the total tissue lipids. The finé 
ings of the present study indicate that 
when the fatty acid composition (ga 
liquid chromatography) of the individu 
lipid fractions of the serum and liver ar 
examined, only certain of the fractions 
show changes in polyunsaturated fatty 
acids as a result of pyridoxine deficiency. 
The cholesterol ester fraction of the serum, 
adrenal and liver did not show any signif 
cant decline in arachidonic acid; that frat 
tion in the serum of the pyridoxine-det 
cient animals was high in arachidonic acid 
(38% ). These observations support the 
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Effect of pyridoxine deficiency on the fatty acid spectrum of the adrenal lipids 


TABLE 4 





Fatty acid! 





Triglyceride 





Normal Deficient 





PPWORWNKROONK ORO 


Saturated 
Mono-unsaturated 
Polyunsaturated 


ee 
NOEWOONDS 
CO NDR UDW~ 


£ Bu 


43.5 


% total fatty acids* 
1.0 
1.8 

trace 
31.9 
4.2 
trace 
trace 
9.9 
30.9 
16.6 
0.3 


trace 
trace 
3.4 


44.6 
35.1 
20.3 


59.6 
34.2 
6.2 





1 Represents major fatty acids determined; small amounts of others were also detected. 
2 The adrenals of 12 animals of each group were pooled for fatty acid analysis after removing ali- 


quots for cholesterol determination (table 5). 


TABLE 5 
Tissue cholesterol levels in normal and pyridoxine-deficient rats 





Group! 


Tissue 


Cholesterol 





Free 


Ester 


Total 


Ester 
Total 





Normal 
Pyridoxine- 
deficient 
Normal 
Pyridoxine- 
deficient 
Normal? 
Pyridoxine- 
deficient? 


serum, mg/100 ml 
serum, mg/100 ml 


liver, mg/100 gm 
liver, mg/100 gm 


adrenals (2) 
adrenals (2) 


20+4 
21+2 


194 + 28° 
139 + 248 


0.16+ 0.04 
0.16+ 0.04 


62+12 
67+4 


44+17 
63+ 24 


1.22+0.20 
1.12+0,18 


82+15 
88+4 


238 +35 
202+ 35 


1.38 + 0.26 
1.28 + 0.24 


% 
75.624 
76.1425 


18.5+6.1 
31.2+92 


88.4+1.7 
87.5220 





1 See footnotes to tables 1 and 2 for number of determinations and animals on serum and liver. 
2 Represents the average of 4 values; adrenals of three animals pooled per determination. 
3 Significant difference P < 0.01. 


concept that the cholesterol ester fraction 
is important in the transport and metab- 
olism of the essential fatty acids. The tri- 
glyceride fractions of the serum and liver 
showed a significant decline in arachi- 
donic acid. It should be noted, however, 
that the triglyceride fraction had an ini- 
tially low value of arachidonic acid. No 
change occurred in the level of arachi- 
donic acid in the serum phospholipid frac- 


tion. There was a decline, however, in the 
amount of that acid in the phospholipid 
fraction of the liver, but this decrease, 
although substantial, was a reflection of a 
large absolute decrease in total liver phos 
pholipid. The decrease in liver phospho 
lipid may be the resultant of a deficiency 
of long-chain fatty acids, which would im 
pair phospholipid synthesis. Thus, the data 
of the present study indicate that the ef 
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TABLE 6 
Serum and liver lipid levels of normal and pyridoxine-deficient rats 





Group! Cholesterol? 


Triglyceride § Phospholipid 


Total lipid 





Liver, mg/gm 


2.68 + 0.40 
2.45+ 0.40 


Normal 
Pyridoxine-deficient 


11.6+2.2 
10.8+ 4.7 


48.0+6.9 
33.3+ 12.8 


Serum, mg/100 ml 


Normal 124+23 
Pyridoxine-deficient 134+10 


113+29 
120+20 


115+22 
122+16 





1See footnotes to tables 1 and 2 for number of animals and determinations. 
2 The total cholesterol value was obtained as the sum of the free cholesterol plus the 
esterified cholesterol calculated as cholesterol oleate (x 1.68). 


3 Significant difference P < 0.01. 


TABLE 7 
Steroid secretion by rat adrenal in vitro of normal and pyridoxine-deficient rats 





Corticoid, /adrenal per two hours 





Group! 





Spectrophot tri Porter-Silber 
method method 





Normal 
Pyridoxine-deficient 


14.3+2.7 
12.6+2.6 


5.1+1.6 
5.1+1.9 





1 Represents the average of 8 determinations per group (pool of two adrenals per 


determination ). 


fects of pyridoxine deficiency are localized 
in only certain lipid fractions, notably the 
triglyceride fractions of serum and liver 
and the phospholipid fraction of liver. 
The data also suggest that there is some 
impaired conversion of linoleate to arachi- 
donate as evidenced by the lowered arachi- 
donic acid level in some of the lipid frac- 
tions and the increased level of linoleate. 
The magnitude and the localization of this 
dfect, however, suggests that pyridoxine 
may not act directly in the biosynthetic 
scheme from linoleate to arachidonate, but 
prthaps in some earlier metabolic reac- 
tins. Pyridoxine is known to be involved 
in transamination and decarboxylation 
reactions. 

It has been reported (Goswami and 
Sadhu, 60) that pyridoxine deficiency pro- 
duces a mild hypercholesterolemia and 
adrop in liver cholesterol which might be 
the result of an increased mobilization of 
liver cholesterol. In the present study 
pyridoxine deficiency had no significant 
dfect on the serum cholesterol level. There 
was a significant decrease, however, in the 
liver free cholesterol and a slight increase 
in the ester cholesterol which was not 
significant. If the effect of pyridoxine defi- 
tency on cholesterol levels were similar 


to that observed in essential fatty acid defi- 
ciency, one would expect to find an in- 
crease in liver cholesterol and a decrease 
in the serum cholesterol level (Alfin-Slater 
et al., 54). 

The adrenal cholesterol ester fraction, 
as shown previously (Dailey et al., 60), is 
rich in polyunsaturated fatty acids (40 to 
50% ). It should be an excellent indica- 
tor of any changes which might occur 
in the adrenal polyunsaturated fatty acids 
due to pyridoxine deficiency. The results 
of the present study indicate that pyri- 
doxine deficiency did not affect the 
amount of polyunsaturated fatty acids in 
the adrenal cholesterol ester fraction or 
the adrenal cholesterol level. Also, there 
was no effect on the adrenal triglyceride 
and phospholipid polyunsaturated fatty 
acids. It has been suggested (Sinclair, 
58) that owing to the high content of 
polyunsaturated fatty acids in the adrenal 
there may be a relationship between those 
acids and adrenal cortical hormone syn- 
thesis. In support of this view Hayashida 
and Portman (’59) observed that the adre- 
nals of essential fatty acid-deficient rats 
secrete smaller amounts of steroid hor- 
mones in vitro. In the present study, pyri- 
doxine deficiency had no effect on the rate 
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of adrenal corticoid hormone production. 
At the same time, however, there was no 
change in the level of the adrenal poly- 
unsaturated fatty acids. Therefore, this 
does not rule out the possible role which 
those acids might play in adrenal corticoid 
synthesis, but indicates that pyridoxine 
does not play a direct role in corticoid pro- 
duction. 


SUMMARY 


The influence of pyridoxine deficiency 
on the fatty acid composition (gas-liquid 
chromatography) of the cholesterol ester, 
triglyceride and phospholipid fractions of 
serum, liver and adrenal have been deter- 
mined. Comparison of the tissue lipid 
fractions of both normal and pyridoxine- 
deficient rats indicated that only the tri- 
glyceride fraction of the serum and liver 
and the phospholipid fraction of the liver 
showed declines in the level of arachi- 
donic acid and increases in linoleic acid. 
The cholesterol ester fatty acids of those 
tissues showed no significant change as a 
result of pyridoxine deficiency. Pyridoxine 
deficiency had no effect on the serum lipid 
levels, but there was a significant decline 
in the liver free cholesterol and a large 
decline in the liver phospholipid fraction 
(50% ). Adrenal corticoid hormone syn- 
thesis was not impaired in the pyridoxine- 
deficient animal, nor was there any change 
in the level of the adrenal polyunsaturated 
fatty acids. The relationship of these 
findings to the role of pyridoxine in the 
biosynthesis of arachidonic acid and in the 
maintenance of tissue lipid and lipid fatty 
acids is discussed. 
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Role of Enzymes in Metabolic Homeostasis' 


fl. DEPLETION AND RESTORATION OF AVIAN LIVER 
CARBOHYDRATE-METABOLIZING ENZYMES 


GEORGE WEBER, GOURI BANERJEE, DAVID BIXLER 


AND JAMES ASHMORE 


Departments of Pharmacology and Microbiology, Indiana University 


School of Medicine and 


Previous studies have established the 
important role in mammals of dietary fac- 
tors which cause changes in the activity of 
certain hepatic enzymes. Adaptation to 
environmental alterations and the ca- 
pacity of self-regulation are fundamental 
characteristics of living systems which 
result in the maintenance of a dynamic 
steady state called homeostasis. A basic 
requirement in maintaining homeostasis 
is the ability to alter the rate of metabolic 
reactions which underlie the various phys- 
iological processes. Since most of the 
metabolic processes are mediated through 
the activity of specific enzymes, informa- 
tion relating to regulation may be obtained 
by investigating the role of enzyme sys- 
tems in the maintenance of homeostasis 
(Weber and MacDonald, ’61). 

Earlier investigations in mammalian 

demonstrated that the analysis of 
the biochemical sequence of events during 
starvation can be utilized to explore meta- 
bolic adaptations which the organism 
employs during the stress of sustaining 
blood sugar level through gluconeogenesis 
(Weber, 59). It was shown that prolonged 
starvation is reflected in a depletion of cer- 
tain enzyme activities (Weber and Can- 
tero, "58; Weber, 60). When starved ani- 
mals were subjected to refeeding, how- 
ever, a synchronized process of enzyme 
festoration occurred. Recently it was 
found that the events of enzyme depletion 
and restoration during fasting and refeed- 
ing can be interpreted in terms of enzyme 
breakdown and synthesis of the examined 
enzyme systems.’ 

Recent studies in this laboratory indi- 
tated that, with respect to adaptive re- 
sponse of certain hepatic enzymes, birds 
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are more sensitive than rats to changes in 
composition of diet.* The present work 
describes the behavior of avian liver en- 
zymes during processes of nutritional de- 
pletion and restoration. This investigation 
reveals that in birds, nutritional factors 
induce changes in hepatic enzymes essen- 
tially similar to those observed in mam- 
malian systems. 


MATERIALS AND METHODS 


Animals and experimental procedures. 
Male Wistar rats weighing 180 to 220 gm 
and Leghorn chickens of 750 to 850 gm 
were obtained from local dealers. Rats 
were maintained with laboratory chow‘ 
and water ad libitum. Birds were main- 
tained with a commercial feed.* 

Preparation of liver homogenate and 
supernatant fluid. Animals were stunned, 
decapitated and bled. The preparation of 
homogenates and supernatant fluid (Weber 
and Cantero, ’57a) and the determination 
of liver cellularity (Weber and Cantero, 
’*57c) are described elsewhere. 

Biochemical procedures. Enzymes were 
assayed in the supernatant fluid. Fructose- 
1,6-diphosphatase activity was determined 
as described by Weber and Cantero (59). 
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Phosphohexoseisomerase activity was as- 
sayed according to Bruns and Hinsberg 
(’54), as modified by Glock et al. (56). 
Phosphoglucomutase activity was assayed 
by the technique of Najjar (’48). Glucose- 
6-phosphate (G-6-P) dehydrogenase and 
6-phosphogluconate dehydrogenase activi- 
ties were followed by the method of Glock 
and McLean (’53). Lactic dehydrogenase 
activity was measured as described by 
Weber (’60). All enzyme assays were run 
at 37°C under linear kinetic conditions. 
Expression of biochemical data. En- 
zyme activities were calculated in micro- 
moles of substrate metabolized per hour 
per gram of wet weight of tissue at 37°C. 
Enzyme activities were expressed also per 
100 gm of body weight. The various prin- 
ciples involved in the interpretation and 
expression of enzymatic alterations under 
physiological and pathological conditions 
were discussed previously (Freedland and 
Harper, 57; Weber and Cantero, °57b; 
Ashmore and Weber, ’59; Weber, ’59). 


RESULTS AND DISCUSSION 


Effect of 7-day fasting and one-day re- 
feeding on liver and body weight. The 
effect of 7-day starvation and one-day re- 
feeding on body weight, liver weight and 
liver/body weight ratio is expressed in 
percentage; the values of normal-fed chick- 
ens are taken as 100. The means and 
standard errors of the controls were the 
following: body weight, 808 + 39; liver 
weight, 16.8+ 0.5; liver/body X 100, 2.08 
+ 0.07. During the starvation period the 
animals lost 58% of the initial body 
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and liver/body ratio fell to 71% of the 
value of normal-fed chickens. On refeed. 
ing, body weight increased by 14% and 
liver weight by 32%. Liver/body weight 
ratio rose to 114% of the initial fed values, 
These percentage values are similar to re. 
sults obtained in rats subjected to 6-day 
fasting (Weber, 60) and one-day refeed. 
ing (Weber and MacDonald, ’61). 

Comparison of avian and rodent liver 
carbohydrate - metabolizing enzymes. A 
comparison of the activities of avian and 
rodent hepatic carbohydrate-metabolizing 
enzymes is given in table 1. The enzyme 
pattern of the rats obtained in Indianap 
olis is essentially similar to that described 
previously in rats obtained and studied in 
Montreal. The only exception is the be 
havior of phosphoglucomutase which ex- 
hibited low activity in the Indianapolis 
rats. 

The avian liver enzyme system pattern 
showed a close similarity to that noted in 
the Indianapolis rats with the exception 
of phosphohexoseisomerase which was 
twice as high in the chickens. Conse 
quently, the most active enzyme in avian 
liver was phosphohexoseisomerase, where- 
as in rat liver it was lactic dehydrogenase. 

The basic similarity in the pattern of 
liver enzyme activities is revealed when 
the activities are compared as percentage, 
taking phosphohexoseisomerase as 100. 
This parallelism suggests the possibility of 
similar carbohydrate metabolic mecha 
nisms in avian and mammalian systems. 

Effect of starvation and refeeding on 
avian hepatic carbohydrate-metabolizing 








weight, liver weight decreased to 32% activities. In table 2 is shown the be 
TABLE 1 
Comparison of activities of liver carbohydrate-metabolizing enzymes in bird and rodent! 

Enzymes? Chicken Rat (Indianapolis) Rat (Montreal )* 
Phosphohexoseisomerase 18300 + 1006(100)¢ 8166 + 337 (100) 10730 + 1733 (100) 
Lactic dehydrogenase 10628 + 629( 58 ) 14229+ 959 (174) 14982 + 857 (139) 
Phosphoglucomutase 428 + 44(2.3) 467 + 27 (6) 6932 + 803 (65) 
Fructose-1,6-diphosphatase 304.9 + 22(1.7) 382+17 (5) 302 + 23 (2.8) 
6-Phosphogluconate 

dehydrogenase 127+3(0.7) 477+ 20 (6) — 

G-6-P dehydrogenase 5.8+1(0.03) 67.5+ 24 (0.8) 65 + 24 (0.6) 





1 Means and standard errors of 4 or more animals are given. 
2 Enzyme activities are expressed as umoles of substrate metabolized/hour/gram wet weight of 


tissue at 37°C. 
3 Previously published data (Weber, ’59). 


«Enzyme activities are calculated as percentage, taking the value of phosphohexoseisomerase %& 


100. 
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TABLE 2 
Depletion and restoration of avian hepatic enzymes! 








F 
Fed, normal 7 dee 1 day Increase quotient? 
Glucose-6-phosphate dehydrogenase 100 0 370 370 370 
6-Phosphogluconate dehydrogenase 100 46 83 37 69 
Fructose-1,6-diphosphatase 100 39 70 31 51 
Phosphoglucomutase 100 48 93 45 87 
Phosphohexoseisomerase 100 48 72 24 46 
.. Lactic dehydrogenase 100 64 115 51 150 





1 Activity calculated per 100 gm body weight. Values are expressed in percentage, taking 


the normals as 100%. 


Enzyme increase on refeeding (% ) X 100 





2 Restoration quotient = 


havior of liver enzyme systems in animals 
subjected to starvation and one-day re- 
feeding. Seven-day starvation resulted in 
the disappearance of G-6-P dehydrogenase 
activity. Lactic dehydrogenase activity 
decreased to 64%, and all other enzymes 
decreased to 39 to 48% of the normal fed 
yalues. When animals were subjected to 
aone-day refeeding period G-6-P dehydro- 
genase activity rose to 370%, lactic de- 
hydrogenase and phosphoglucomutase 
were restored to normal range, whereas 
the other enzymes increased to 70 to 83% 
of the normal fed values. These results 
draw attention to the fact already dem- 
mstrated in mammalian organisms that 
the enzyme systems involved in the metab- 
dism of G-6-P exhibit widely differing 
behavior during processes involving en- 
zyme depletion and restoration (Weber, 
‘399; Weber and MacDonald, ’61). 

The differences in the extent of restora- 
tion of the avian liver enzyme activities 
ae shown clearly when the percentage 
increase as a result of the refeeding period 
is tabulated (table 2). The marked in- 
qease in G-6-P dehydrogenase activity 
agrees with previous reports on the be- 
havior of this enzyme in rodent liver (Tep- 
perman, 58; Cohn and Joseph, 59; Weber 
amd MacDonald, 61). The behavior of 
the other enzyme systems is also generally 
in line with that of liver carbohydrate- 
metabolizing enzyme systems in rats, with 
the exception of lactic dehydrogenase 
Which is one of the slowest in returning 
inthe rat, but is the second most rapid 
in the avian liver. When the restoration 
Quotient is calculated for these enzyme 
«tivities, the different restoration rates of 
the various hepatic enzymes are brought 


Enzyme activity lost during fasting (% ) 


out clearly. It is suggested that the dif- 
ferent rates of restoration may be taken 
as an indication of the different synthetic 
rates of these enzyme systems which are 
manifested during the synchronized syn- 
thesis induced by the refeeding process 
(Weber and MacDonald, ’61). 

Current studies which showed that cor- 
tisone administration in hypophysecto- 
mized chickens resulted in a 200 to 300% 
increase in phosphohexoseisomerase and 
phosphoglucomutase activities in liver’ 
suggest that the adrenal cortex may be 
involved, partly at least, in the mechanism 
responsible for re-establishment of previ- 
ously depleted liver enzymatic activities. 

The presented data show that avian 
hepatic enzyme activities are depleted and 
restored in varying degrees in fasted and 
refed animals. The behavior of enzyme 
systems in synchronized depletion and 
restoration shows remarkable similarity to 
that described in mammalian systems 
(Weber and MacDonald, ’61). 


SUMMARY 


The dietary depletion and restoration of 
avian hepatic enzymes involved in carbo- 
hydrate metabolism were studied. En- 
zyme activities were depleted by 7-day 
fasting and restoration was induced by a 
one-day refeeding period. 

In chickens 7-day fasting decreased glu- 
cose-6-phosphate dehydrogenase activity to 
zero, lactic dehydrogenase to 64%, and 
fructose-1, 6-diphosphatase, 6-phosphoglu- 
conate dehydrogenase, phosphoglucomu- 
tase and phosphohexoseisomerase activi- 
ties to 39 to 48% of normal fed values. 


* Weber, G., G. Banerjee, D. Bixler and J. 
Ashmore, unpublished results. 








160 








On refeeding, glucose-6-phosphate dehy- 
drogenase increased to 300% and all other 
enzyme activities showed increases of 21 
to 51%. 

These results show that the various en- 
zymes involved in _ glucose-6-phosphate 
metabolism show widely different behavior 
during nutritional depletion and restora- 
tion processes and do not all simulta- 
neously change with the altering substrate 
level. Thus, the behavior of avian hepatic 
carbohydrate-metabolizing enzymes bas- 
ically resembles that of mammals under 
the same conditions. These observations 
are well in line with the presented data 
which demonstrated that the general pat- 
tern of absolute activities of avian and 
rodent liver carbohydrate-metabolizing en- 
zymes is also similar. 
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in the Young Rat'” 


Failure of Certain American Yeasts and of Selenium 
to Prevent Chronic Muscular Dystrophy 


MARIANNE GOETTSCH 
Department of Biochemistry and Nutrition, University of Puerto Rico, 
School of Medicine, San Juan, Puerto Rico 


Alpha-tocopherol prevents the nutri- 
tional muscular dystrophy of rats defi- 
cient in vitamin E and the dietary necrotic 
liver degeneration of young rats receiving 
certain low-protein diets low in vitamin E. 
Muscular dystrophy is induced more 
readily in the presence of dietary cod liver 
oil and lard (Mattill, °47). Liver lesions 
develop in the absence of cod liver oil and 
independently of the lard content of iso- 
caloric diets (Goettsch, ’51). 

The sulfur-containing amino acids, cys- 
tine and methionine, are effective in pre- 
venting hepatic necrosis in rats. Schwarz 
(51) reported the isolation of a third fac- 
tor, Factor 3, and the presence of selenium 
in the crystalline substance (Schwarz and 
Foltz, °57). Inorganic selenium is effec- 
tive, not only in hepatic necrosis of the 
rat, but also in exudative diathesis of the 
chick, which occurs with certain vitamin 
Elow diets (Patterson et al., 57). Al- 
though selenium prevents liver necrosis in 
the rat and exudative diathesis in the 
chick, it is ineffective against sterility in 
the rat (Harris et al., 58), encephalo- 
malacia in the chick (Dam et al., ’57) 
and muscular dystrophy in the rabbit 
(Hove et al., 58). Schultze (’60) dis- 
cusses the variable results obtained with 
lambs, calves, swine and chicks upon the 
role of selenium in muscular dystrophy. 

Chronic muscular dystrophy, which has 
been reported in the adult vitamin E-defi- 
cient rat (Einarson and Ringsted, ’38), 
appeared in young rats with certain vita- 
min E-low, low protein diets at the age of 
6 weeks. The young rats had manifested 
acute muscular dystrophy at the end of the 
lactation period and recovered spontane- 
ously. This acute muscular dystrophy ap- 
peared suddenly in 1954 after 7 years of 
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failure in attempts to induce the disorder 
with the given technique (Goettsch and 
Pappenheimer, 41). Unknown factors 
may have been alterations in the vitamin 
E content of the commercial pellet ration 
yd the antioxidant activity of the lard 
used. 

This report includes data on (1) breed- 
ing for the production of vitamin E-low 
young rats; (2) the relationship between 
the initial stores of vitamin E in the tis- 
sues and the incidence and time of onset 
of necrotic liver degeneration; (3) the oc- 
currence of chronic muscular dystrophy 
in vitamin E-low young that do not die 
with liver lesions; (4) the prevention of 
hepatic necrosis by certain American 
yeasts and by selenium, confirming the re- 
sults of Schwarz and Foltz (57); (5) the 
failure of these yeasts and of selenium to 
prevent muscular dystrophy, a finding not 
in accord with the undocumented state- 
ment of Schwarz (Hove et al., 58). 


EXPERIMENTAL 

Diets. The diet for breeding rats in 
table 1 is a high-protein high-lard diet. 
Two kinds of lard were used in its prep- 
aration: a locally obtained lard that had 
obviously poor keeping qualities; stripped 
lard, low in vitamin E.’ The locally ob- 
tained lard was used in the low-protein 
diets. 


Received for publication January 24, 1961. 
1This work was aided by a grant from the 
Dean’s Fund of the University of Puerto Rico 
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3 reports of part of this investiga- 
tion were presented at the Third International 
Congress of Biochemists, Brussels, 1955 and the 
Third International Vitamin E Congress, Venice, 
1955. 
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TABLE 1 
Composition of vitamin E-low diets 
Breeding Low-protein diets! 
Constituents diet Casein? Yeast? 
Parts Parts 1% 2% 4% 8% 15% 30% 
Crude casein? 26.6 8.3 = = — = —_— —_ 
Yeast 16.64 —_ 1.0 2.0 4.0 8.0 15.0 30.0 
Cornstarch 33.3 79.7 87.0 86.0 84.0 80.0 73.0 58.0 
Salt mixture® 3.4 4.0 4.0 4.0 4.0 4.0 4.0 4.0 
Lard 18.3 6.0 6.0 6.0 6.0 6.0 6.0 6.0 
Cod liver oil 1.8 2.0 2.0 2.0 2.0 2.0 2.0 2.0 





1 Synthetic vitamins added as supplement 


to each kilogram of low-protein (casein) diet: 


(in milligrams) thiamine-HCl, 5; pyridoxine-HCl, 5; riboflavin, 10; niacin, 20; vitamin K, 
5; PABA, 10; Ca pantothenate, 50; folic acid, 4; and biotin, 0.4. Half of the amount was 


added to the low-protein yeast diets. 


* Casein, Grade B-1-F Crude, Casein Company of America, New York. 
* Types of yeast used in the low-protein diets were as follows: Fleischmann, type 2019; 
food yeast (Torula utilis, no. 3, locally grown); Anheuser Busch, Strains G and K;; St. 
dried brewers 


Louis Corporation, regular non-debittered 


’; Jos. Schlitz, Strains Fe-2 and Fo-2. 


The American yeasts were obtained through the courtesy of Dr. Schwarz and of Miss 
Singruen of the Brewers’ Yeast Council, Inc. We are indebted to them and the yeast com- 


panies for their cooperation. 
* Fleischmann, type 2019. 


5 Salt mixture no. 2, USP, Nutritional Biochemicals Corporation, Cleveland. 


The low-protein diets contained either 
crude casein or yeast as the source of pro- 
tein. The 8.3% casein diet and the 15 or 
30% yeast diets (Fleischmann, type 2019, 
or Torula utilis, number 3, locally grown) 
have given consistent results under the 
given experimental conditions (Goettsch, 
51). The other known strains of Ameri- 
can yeasts, described in a footnote of table 
1, were used in concentrations of from 1 to 
15%. The 8.3% casein and 30% Torula 
diets were supplemented with 0.5 ppm of 
selenium as sodium selenite. 

Procedure. Wistar rats, acclimatized 
to the tropical marine conditions of Puerto 
Rico, were reared with a commercial pel- 
let ration and bred at estrus after 90 days 
of age. The vitamin E-low diet for breed- 
ing rats was fed from the beginning of 
gestation until the end of lactation, in or- 
der to reduce the initial stores of vitamin 
E in the young rats (Goettsch, 51). Vita- 
min E-low young rats that survived the 
period of lactation were given the low- 
protein diets from the 21st day of life or 
from the day that the paretic symptoms of 
acute muscular d y disappeared. 


The mean initial body weight was 35 (25— 
50) gm. Surviving animals were sacrificed 
after 90 days with the diet. Liver and mus- 
cle changes were confirmed by microscopic 


examination of the tissues which did not 
present gross lesions. 


RESULTS AND DISCUSSION 


Fertility. Fertility data in table 2 show 
the extent of biological variation among 
groups of rats. Since there was no signif- 
cant difference in fertility performance be 
tween the rats receiving the vitamin E-low 
lard and those fed the lard of poor keeping 
qualities, the data were combined. The 
following observations were made upon 
96 rats, reared with the commercial pellet 
ration and given the vitamin E-low breed- 
ing diets from the beginning of gestation: 
46 bore litters of living young; in 17 litters 
the young were dead at the time that the 
litters were examined; three rats under- 
went typical resorption gestations; 30 died 
during parturition after a prolonged gesta- 
tion period with symptoms of eclampsia 
such as those described by Stamler (’59) 
in rats given small amounts of vitamin E. 
The fetuses were large and appeared well 
developed. 

The administration of 10 mg of «to 
cophery] acetate to 20 rats at the beginning 
of gestation induced normal fertility. 

Among three groups of rats reared and 
bred with the commercial pellet ration, 
there were two rats with litters of dead 
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TABLE 2 
Fertility of rats reared with a commercial pellet ration and given certain vitamin E-low 


SELENIUM AND MUSCULAR DYSTROPHY IN THE RAT 


diets during gestation, with and without the addition of a-tocopherol 
































Gestation diet 
breeding No. of Death 
— Pellet Kind of lard rats Litters of young Resorp- during 
a Living Dead “0mS Parturk 
Poor- Vitamin 
quality E-low 

1955 + 31 22 5 0 4 
1956 + 10 5 1 0 4 
1956 15 7 1 0 7 
1958 + 28 8 9 2 9 
1958 + 12 4 1 1 6 

Total 96 46 17 3 30 
10 mg a-tocophery] acetate at beginning of gestation 
1958 a 9 Q 0 0 0 
1958 + 11 11 0 0 0 

Total 20 20 0 0 0 
1956 + 10 10 0 0 0 
1957 + 14 13 0 0 1 
1958 + 17 13 2 0 2 

Total 41 36 2 0 3 

TABLE 3 


Incidence of muscular dystrophy among nurslings of rats given vitamin E-low diets from 
the beginning of gestation, with and without the addition of a-tocopherol 





























Gestation and lactation diet Young rats 
Vitamin E-low No. of With muscular 
- — aa ee 
e g Number 
young At At Number 
P. Vitamin birth 21 da meek - | 4 
quality Elow “ th day 
1955 os 22 181 148 99 6 
1956 Sa 5 52 50 20 4 
1956 7 66 60 60 26 
1958 8 69 47 55 26 
1958 4 35 32 17 0 
Total 46 403 337 251 62 
10 mg a-tocopheryl acetate at beginning of gestation 
1958 + qa 83 69 13 0 
1958 11 94 77 4 2 
Total 20 177 146 17 2 
1956 + 10 119 116 0 
1957 + 13 127 117 0 
1958 + 13 147 114 2 2 
Total 36 393 347 2 2 








young and three rats that died during 
Eitition with Sudings similar to those 


with the vitamin E-low diets. 


Acute muscular dystrophy during lacta- 
tion. The incidence of muscular dystro- 
Oe ee eee 
the vitamin E-low breeding diets was 
not influenced by the type of lard used. 
The data were combined in table 3. “Pa- 
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TABLE 4 


Incidence of necrotic liver degeneration and muscular dystrophy among young rats with vitamin 
E-low low-protein diets, with and without selenium 























Rats with normal liver 
Rats with necrotic liver wi =tes Gaal 
musc 'ystrophy 
Diet No. ot Days fed diet $$$» 
ae No. No. Days fed diet 
Mean Range No. 
Mean Range 
Young reared with pellets 
8.3% casein 28 10 34 16-35 18 0 90! 
30% Torula 11 10 29 21-71 1 0 49 
Vitamin E-low young 
8.3% casein 56 54 10 5-26 2 2 32 13-50 
30% Torula 12 11 10 3-32 1 0 36 
15% Torula 12 12 8 4-13 0 
15% Fleischmann 12 11 9 6-15 1 1 18 
15% A. B., Strain G 12 6 9 4-13 6 4 57 17-90 
15% J. S., Fe-2 12 1 17 11 11 58 30-90! 
15% J. S., Fo-2 12 1 11 11 7 83 69-90: 
15% St. Louis C. 12 0 12 11 68 39-90! 
15% A. B., Strain K2 12 0 12 12 63 15-90 
8% A.B., Strain Ke 4 2 30 28-31 2 2 31 28-34 
4% A.B., Strain K 5 5 15 8-30 0 
2% A.B., Strain K2 6 6 11 8-20 0 
1% A. B., Strain Ke 6 6 11 7-17 0 
Dietary supplementation with 0.5 ppm selenium 
8.3% casein 11 0 11 11 90! 
30% Torula 13 0 13 6 90! 





1 Surviving rats were sacrificed after 90 days with the diet. 


ralysis” was noted towards the end of the 
period of lactation in 251 of 403 young 
rats. Sixty-two of the affected rats died by 
the 28th day; the rest recovered spontane- 
ously (Goettsch and Pappenheimer, °41). 
These young were known as vitamin E- 
low young. 

The administration of 10 mg of c-to- 
copheryl acetate at the beginning of gesta- 
tion did not protect all rats against muscu- 
lar dystrophy (Goettsch and Pappen- 
heimer, 41). Seventeen of 177 young rats 
presented muscular dystrophy towards the 
end of the lactation period; two of them 
died by the 28th day and 15 recovered 
spontaneously. 

With the commercial pellet ration, two 
of 393 young rats developed muscular 
dystrophy and died before the 28th day, 
presenting typical lesions. Apparently the 
pellet ration did not contain sufficient vita- 
min E to prevent muscular dystrophy in 
all young lactating rats. 

Necrotic liver degeneration. The 8.3% 
casein diet was fed from the 21st day to 
28 young rats of females, reared and bred 
with the commercial pellet ration and to 





56 vitamin E-low young. Ten of the 
former group died with hepatic necrosis in 
16 to 35 days (table 4); the remaining 18 
rats were sacrificed at 90 days and pre 
sented normal liver and muscle. Fifty-four 
of the vitamin E-low young died in 5 to 
26 days with gross liver lesions; two died 
after 13 and 50 days with severe muscular 
dystrophy and presented normal liver. The 
incidence of hepatic necrosis was high in 
both groups of rats given the 30% Torula 
diet, but the time of survival was signif- 
cantly less in the vitamin E-low young. 
These results explained why yeast rather 
than casein diets are used in investige 
tions upon liver necrosis when the initial 
stores of vitamin E in the rat are no 
controlled. 

The vitamin E-low diets containing 
8.3% of casein or 15% of either Torulag@ 
Fleischmann yeast induced liver necrosis 
in a high percentage of vitamin E-low rats 
(Goettsch, 51). The diet containing 15% 
of Anheuser Busch yeast, Strain G, pro 
tected about half of the rats. At the same 
concentration the remaining Americal 
yeasts (Jos. Schlitz, Strains Fe-2 and 
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Fo2; St. Louis Corporation, regular non- 
debittered dried brewers’; Anheuser Busch, 
Strain K: ) prevented the disorder in nearly 
all of the animals. Anheuser Busch yeast, 
Strain K. was fed at lower levels. There 
was partial protection at the 8% level but 
none at lower concentrations, under the 
experimental conditions. 

Supplementation of the 8.3% casein and 
30% Torula diets with 0.5 ppm of selenium 
as sodium selenite prevented necrotic 
changes of the liver in all rats, confirming 
the observations of Schwarz and Foltz 

57). 

Mebvontc muscular dystrophy in young 
rats. Muscular dystrophy did not occur 
by the 90th day in rats that were given 
the commercial pellet ration until the 21st 
day (table 4). These rats grew at a more 
rapid rate than the vitamin E-low young 
rats given similar diets. 

Growth was poor in the vitamin E-low 
young rats receiving the vitamin E-low 
protein diets. Early lesions of muscular 
dystrophy were noted in some of the 
rats that died with acute dietary necrosis. 
Many (50 of 58) of the E-low animals 
that were protected against liver lesions 
developed muscular dystrophy. Slight 
paretic symptoms appeared soon after the 
low-protein diets were given. The symp- 
toms gradually became worse and usually 
at the time that they were moderately 
severe, the body weight of the rat re- 
mained constant (35 to 65 gm) for sev- 
eral weeks. The rats could not right them- 
selves and, in physical appearance and 
behavior, resembled adult rats with chronic 
muscular dystrophy (Einarson and Ring- 
sted, °38). Their disability made it diffi- 
cult for them to reach food and water. 
They lost weight gradually and died after 
a period of inanition. Death occurred in 
13 to 89 days after the vitamin E-low, 

diets were given. The time of 
survival was apparently associated with 
the maximum body weight that the rat was 
able to attain before the onset of muscu- 
lar dystrophy. A few rats became emaci- 
ated and died without manifesting paretic 
smptoms. At death there were typical 
ksions of muscular dystrophy. Surviving 
_— sacrificed after 90 days with the 


At death the muscle of the rats appeared 
small in bulk, opaque, brownish and not 








very contractile; the liver was normal, 
without fat, except in a few instances; and 
the gastrointestinal tract was often empty. 
The central nervous system was not ex- 
amined. Dr. F. V. Lichtenberg* gave the 
following description of the chronic mus- 
cle lesions: “In earlier cases of ‘chronic 
type,” the changes are similar to those 
observed by Pappenheimer (’39), includ- 
ing myoblastic proliferation and giant cell 
formation. The animals with the longest 
survival period (60 to 90 days) show 
marked atrophy of the striated muscle, 
fibrous thickening of the connective tissue 
framework and microscopical scarring. 
Residual lymphoid and histoid cell infiltra- 
tion is observed, but decreases markedly 
in the more chronic specimens. Fatty re- 
placement is not observed at any stage and 
the similarity to human muscular dystro- 
phy is less apparent than in the rabbit.” 

The diets containing 0.5 ppm of sele- 
nium induced more rapid growth in the 
rats and a delay in the onset of paretic 
symptoms. All of the rats with the 8.3% 
casein diet and one half of those with the 
30% Torula diet developed moderately 
severe symptoms before the 90th day with 
the diet. When sacrificed they presented 
normal liver and typical lesions of chronic 
muscular dystrophy. 


SUMMARY 


Dietary necrotic liver degeneration de- 
veloped more readily and more rapidly in 
young rats with initial low stores of vita- 
min E, as judged by their spontaneous re- 
covery from acute muscular dystrophy dur- 
ing the period of lactation, than in rats fed 
a commercial pellet ration until the 21st 
day. The vitamin E-low necrogenic diets 
contained 8.3% of crude casein, 15% of 
Fleischmann yeast or 15 to 30% of Torula 
food yeast. Certain known strains of 
American yeasts, at 15% dietary concen- 
tration, gave complete or partial protection 
under the given experimental conditions. 

Chronic muscular dystrophy occurred 
in many of the vitamin E-low young rats 
that did not die with dietary necrotic liver 
degeneration. Paretic symptoms appeared 


*Dr. F. V. Lichtenberg of the Department of 
Pathology, Peter Bent Brigham Hospital, Boston; 
formerly of the Department of Pathology, Uni- 
versity of Puerto Rico School of Medicine. 
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during the first few weeks and became 
progressively worse until death occurred, 
with normal liver and typical muscular 
dystrophy. Young rats receiving pellets 
until the 21st day did not develop the mus- 
cle disorder. 

Supplementation of the 8.3% casein 
and 30% Torula diets with 0.5 ppm of 
selenium as sodium selenite prevented 
dietary necrotic liver degeneration but 
failed to protect the young rats against 
muscular dystrophy. 
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A Mechanism for the Copper-Molybdenum 


Interrelationship 


fl. RESPONSE OF LIVER SULFIDE OXIDASE ACTIVITY 


TO NUTRITIONAL FACTORS' 


LEWIS M. SIEGEL anp K. J. MONTY 
McCollum-Pratt Institute, The Johns Hopkins University, 


Baltimore, Maryland 


In the course of study of metabolic alter- 
ations in tissues of rats subjected to toxic 
dietary levels of molybdate, a substantial 
decrease in the activity of liver sulfide 
oxidase was noted (Mills et al., 58). This 
fact became the basis for a postulated ex- 

tion of the induction of copper defi- 
ciency by toxic levels of molybdate (Hal- 
yerson et al., 60), wherein the decreased 
rate of sulfide oxidation would permit, 
under certain dietary conditions, the ab- 
normal accumulation of sulfide ion. Cop- 
per ions consequently would be removed 
from metabolic availability through the 
formation of copper sulfide. The ex- 
tremely low solubility products of the cop- 
per sulfides were used to explain the speci- 
ficity of the nutritional deficiency. 

The present studies were undertaken as 
a partial exploration of the validity of 
this postulate. 


EXPERIMENTAL 


Young male albino rats of the Wistar 
strain* were used in all experiments. The 
basal diet was constituted of casein, glu- 
cose, corn oil, salts, and vitamins as de- 
scribed earlier (Halverson et al., ’60). 
This diet contained copper at 1 to 1.5 ppm, 
as determined by the method of Eden and 
Green (’40). The same techniques used 
eatlier were invoked to maintain condi- 
tions consistent with the feeding of low- 
copper diets (Halverson et al., 60). Modi- 
fications of the basal diet consisted of the 
addition of one or more of the following 
materials: 800 ppm of molybdenum as 
sodium molybdate; 15.6 ppm of copper 
% cupric acetate; 0.94% of L-cystine; and 
0.29% of sulfate as sodium sulfate. 


|. Nurarrion, 74: °61 





The conventional technique of paired- 
feeding was modified for the present study. 
Average food intake of 4 animals of the 
determinant group was carefully measured 
daily, and this average determined the 
amount of food supplied to each member 
of the paired-fed group for the succeeding 
24-hour period. 

For the assay of sulfide oxidase, ani- 
mals were sacrificed by etherization, and 
their livers perfused rapidly with cold 0.2M 
sucrose. After excision and weighing, 
livers were minced, diluted with 12 vol- 
umes of cold 0.1M phosphate buffer (pH 
7.2), and homogenized for one minute in 
a Waring Blendor. The homogenate was 
centrifuged at 12,000 X G for 15 minutes 
at O°C, and the supernatant filtered 
through coarse cheesecloth. 

The enzyme reaction was carried out at 
37°C for one hour in closed Thunberg 
tubes, the reaction mixture containing 
1 ml of the supernatant from the liver 
homogenate, 3.5 ml of 0.1M phosphate 
buffer (pH 7.2), and 0.5 ml of 0.04M so- 
dium sulfide (20 umoles). Assays for each 
liver were performed in duplicate. Also 
carried in duplicate were measurements of 
“heat stable” activity, using supernatant 
boiled for three minutes. Assays for thio- 
sulfate endogenous to the liver prepara- 
tions were invariably negative. 

After the incubation, the contents of 
the reaction vessels were transferred to 


Received for publication January 25, 1961. 

1 Contribution no. 321 from the McCollum-Pratt 
Institute. Supported in part by a contract with 
the Division of Biology and Medicine, U. S. 
Atomic Commission. 


Energy 
* Obtained from Albino Farms, Red Bank, New 
Jersey. 
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centrifuge tubes, and 0.7 ml of 1M cad- 
mium acetate added to terminate further 
reaction and precipitate unreacted sulfide. 
A clear supernatant was obtained by cen- 
trifugation followed by filtration through 
Whatman no. 50 paper. One-milliliter ali- 
quots of this filtrate were analyzed for 
thiosulfate by the colorimetric method of 
Sérbo (57). Photometric readings were 
made at 460 mu using a Bausch and Lomb 
Spectronic 20 colorimeter. Protein deter- 
minations were carried out on aliquots of 
the liver preparation using the method of 
Lowry et al., (’51). Sulfide oxidase activ- 
ity was expressed as umoles of thiosulfate 
formed per milligram of protein per hour. 
The difference in the activity of nonboiled 
and boiled preparations was taken to be 
the sulfide oxidase activity. 


RESULTS AND DISCUSSION 


Halverson et al., (60) advanced the 
hypothesis that the symptoms of copper 
deficiency observed during molybdate tox- 
icity were due to the formation of copper 
sulfide in the tissues as a result of an 
abnormal accumulation of sulfide ion. 
This postulate was supported by the dem- 
onstration that excessive dietary cystine, 
introduced as early as 7 days after the 
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initiation of feeding of a low-copper dig 
containing 800 ppm of molybdenum, 
greatly aggravated the symptoms of ane 
mia and diarrhea. These symptoms could 
be prevented by raising the level of copper 
in the diet, or reversed by the injection of 
copper. The inclusion of 0.29% of sulfate 
in the diet would alleviate the growth de 
pression due to molybdate as well as cop 
rect the conditions of anemia and diarrhea, 

The response of liver sulfide oxidase 
activity to the dietary regimens used by 
Halverson et al., is presented in figure ], 
Exposure to the low-copper, molybdate 
containing diet led to a rapid decrease in 
the level of the enzyme. The difference 
between molybdate and control animals 
was maintained for at least 45 days, the 
longest experimental period used in these 
investigations. Addition of sulfate to the 
molybdate diet beginning on the 12th day 
produced a rapid return of the enzyme to 
normal levels. In contrast, the addition of 
cystine to the molybdate diet did not lead 
to a restoration of enzyme activity. The 
response of liver sulfide oxidase to these 
dietary parameters correlates well with 
the changes in the concentration of circu- 
lating hemoglobin observed by Halverson 
et al. (’60). 
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Fig. 1 Influence of dietary molybdenum, cystine end sulfate on the sulfide oxidase activ- 
diets described in text; supplementations of the 


ity of rat liver ; composition of 


molybdate diet with cystine or sulfate was begun on the 12th day; sulfide oxidase activity 
expressed as uwmoles of thiosulfate formed/mg protein/hour. 
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DIET AND SULFIDE OXIDASE 


The 4th parameter to be considered was 
the dietary level of copper. In table 1 is 
ted a summary of the response of 
sulfide oxidase activity to molybdate, 
and sulfate when added to diets 

low in copper (1.0 to 1.5 ppm) or high in 
copper (16.5 to 17.0 ppm). Several effects 
are apparent. First, the addition of 15.6 
of copper to each of the low-copper 
diets led to a higher activity of sulfide 
oxidase. Application of the analysis of var- 
jance to each of the proper diet pairs (with 
and without copper supplementation) 
indicated a high level of confidence for 
these differences (P< 0.001). Also, the 
addition of cystine to a high-copper basal 
diet resulted in a substantial increase in 
sulfide oxidase activity. A similar effect 
was noted when molybdate was present in 
the high-copper diet. In the absence of 
copper supplementation, however, cystine 
uced a decrease in sulfide oxidase 
when added to the high-molybdate diet. 
The effect of the addition of cystine to a 
low-copper basal diet is not indicated in 
table 1. A separate experiment demon- 
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strated that this, too, leads to a decrease in 
activity of the enzyme (basal, 0.091 + 
0.006; basal + cystine, 0.079 + 0.007). 

Animals supplied with the high-molyb- 
date diets, characteristically demonstrated 
a substantially reduced food intake, and 
consequently a retarded rate of weight 
gain or even a loss of weight. The drop 
in sulfide oxidase activity is related more 
to the reduced food intake than to the in- 
gestion of molybdate (table 2). When the 
low-copper diet was supplied, the change 
in enzyme activity could be duplicated 
with paired-fed animals which received 
no molybdate; with the high-copper diets, 
however, the magnitude of the molybdate 
effect could not be duplicated by paired- 
feeding. In both experiments, the body 
weights of the paired-fed animals closely 
paralleled those of the animals receiving 
the toxic level of molybdate. 

The experiments reported here suggest 
several relationships between the activity 
of liver sulfide oxidase and the nutritional 
status of the animal. First, food restric- 
tion promotes a substantial decrease in the 


TABLE 1 


Influence of dietary copper, molybdenum, cystine and sulfate on the sulfide oxidase 
activity! of rat liver prepurations 








Dietary supplement Low-copper? High-copper* 

_— 0.085 + 0.003*(6)5 0.104 + 0.005(5) 
Cystine 0.156 + 0.012(5) 
Sulfate 0.105 + 0.008(5) 
Molybdate 0.050 + 0.004( 7) 0.064 + 0.003(5) 
Molybdate + cystine 0.044 + 0.006(5) 0.087 + 0.007(5) 
Molybdate + sulfate 0.080 + 0.008(6) 0.109 + 0.010(5) 





1 Sulfide oxidase activity is expressed as umoles of thiosulfate formed/mg protein/hour. 
*Time of dietary additions same as in figure 1. Animals sacrificed randomly during 








days 20 to 45. ~ 
% Additions of cystine and sulfate on 24th day. Animals sacrificed randomly during 
days 38 to 45. 
‘Standard deviation of the mean >a 
n(n—1)° 
5 Number of animals used is indicated in parentheses. 
TABLE 2 
Influence of restricted food intake on sulfide oxidase activity’ of rat liver preparations* 
Dietary regimen Low-copper High-copper 
Basal, ad libitum 0.093 + 0.006*(4)* 0.109 + 0.011(4) 
Basal-+ molybdenum, ad libitum 0.067 + 0.005(4) 0.065 + 0.006(4) 
Basal, paired-fed to molybdenum animals 0.066 + 0.006(5) 0.076 + 0.006(4) 





1 Micromoles thiosulfate formed/mg protein/hour. 


2 Experimental design described in text. 
*Standard deviation of the mean. 


4Number of animals used is indicated in parentheses. 
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level of the enzyme activity. It is not pos- 
sible with the present data to establish 
whether this decrease is due to a change 
in apoenzyme concentration or to an al- 
tered availability of one or more cofactors. 
Mills et al. (58), were unable to explain 
the decrease in sulfide oxidase activity 
during molybdenum toxicity in terms of a 
lack of hypoxanthine, an indicated co- 
factor for the enzyme (Ichihara, ’59). 

A second generalization arising from 
these experiments is that the level of 
sulfide oxidase activity is consistently 
higher when diets high in copper are used. 
This effect is independent of the dietary 
levels of molybdate, cystine or sulfate. 
The correlation of enzymatic activity with 
dietary supply of copper suggests that the 
enzyme may be dependent in some way 
upon copper in vivo. In this respect, the 
inhibition of liver sulfide oxidase by 
cyanide is prevented more satisfactorily by 
copper than by any other cation examined 
(Ichihara, 59). Efforts are currently un- 
der way in this laboratory to elucidate this 
relationship between sulfide oxidase and 
copper. 

Also the addition of cystine to high-cop- 
per diets (with or without molybdate) has 
been observed to lead to a rise in sulfide 
oxidase activity. Since one of the path- 
ways for the metabolism of cystine leads 
to the formation of sulfide, it is possible 
that the level of sulfide oxidase activity is 
modified by the availability of its substrate, 
a theory that demands further experi- 
mental exploration. 

The present findings have implications 
for the understanding of the copper-molyb- 
denum interrelationship in rats. The re- 
sults in general are such as would be 
necessary to support the hypothesis that 
this interrelationship is due to a loss of 
available copper as the sulfide salt, result- 
ing from inadequate rates of sulfide oxida- 
tion in the tissues (Halverson et al., 60). 
The combinations of dietary stimuli that 
induce the symptoms of copper deficiency 
also produce the most profound decreases 
in liver sulfide oxidase activity. The addi- 
tional drop in enzyme activity upon the 
addition of cystine to a molybdate-contain- 
ing diet may be construed as a cascading 
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situation wherein the decrease of an 
enzyme dependent upon copper leads to 
the induction of a copper shortage in the 
tissues. This lack of copper availability in 
turn leads to a further decrease in the 
level of the enzyme. In this situation cys. 
tine would serve as a precursor of sulfide, 

Since the drop in enzyme activity may 
be reproduced in paired-fed animals sup. 
plied with low-copper diets, the postulate 
under discussion would predict that ane 
mia would result from suppling these 
paired-fed animals with dietary cystine. 
A preliminary experiment does not support 
this prediction.* Thus, the postulate of 
Halverson et al. (60) may be useful to 
the understanding of the copper-molyb 
denum interrelationship, but is probably 
not an adequate explanation. 


SUMMARY 


The in vivo response of liver sulfide 
oxidase to a number of nutritional stimuli 
is reported. The decreased level of the 
enzyme accompanying molybdate toxicity 
was attributable largely to the decreased 
food intake of the animals. Evidence was 
presented to indicate a dependence of the 
enzyme upon copper and an adjustment 
of enzyme activity to substrate level. The 
results were discussed in terms of a postu- 
lated role for the enzyme in the induction 
of copper deficiency by toxic levels of 
molybdate. 
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Influence of Diet on Serum Cholesterol in the Chick'” 


J. E. MARION, H. M. EDWARDS, JR. anv J. C. DRIGGERS 
Poultry Department, University of Georgia, 


Athens, Georgia 


Many investigations have been carried 
out with chickens in an attempt to relate 
yarious dietary factors to cholesterolemia. 
Increasing the intake of dietary protein 
has been shown to be more effective than 
decreasing fat intake in reducing serum 
cholesterol of male chickens (Kokatnur et 
al., 58). Other workers have observed an 
inverse relationship between dietary pro- 
tein level and serum cholesterol in grow- 
ing chicks (Nishida et al., 58; Johnson 
et al., 58; March and Biely, 59; Fisher 
et al., 59; Nishida et al., 60). Generally, 
this relationship exists only when the pro- 
tein level ranged from adequate to sub- 
optimal. 

The elevation of serum cholesterol by 
increasing dietary cholesterol may be par- 
tially dependent on the protein and fat 
content of the diet. Peterson et al. (’53) 
obtained a more marked increase in serum 
cholesterol due to dietary cholesterol when 
avegetable fat was added to the diet. Nu- 
trient imbalance due to the combination 
of low protein, appreciable quantities of 
fat, and dietary cholesterol has been effec- 
tive in raising the serum cholesterol level 
of chicks (Nishida et al., 58; March and 
Biely, 59; Fisher et al., 59). 

It appears that little consideration has 
been given to the influence of dietary cal- 
orie content on serum cholesterol as af- 
fected by protein, fat and cholesterol. The 

g experiments were conducted to 
determine the effect of energy and some 
other nutrients in the diet on serum cho- 
lesterol in growing chicks. 


EXPERIMENTAL 


Day-old White Plymouth Rock cockerel 
chicks were obtained from a commercial 
source, individually wing-banded and 
grown to 4 weeks of age in metal battery 
brooders. Three groups of 8 chicks each 
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were placed in randomized pens and main- 
tained with each experimental diet. Feed 
and water were supplied ad libitum. 
The composition of a 25% protein con- 
trol diet containing 3.25 Cal./gm of me- 
tabolizable energy follows. This low-fat 
diet contains the following ingredients 
expressed as grams per 100 gm: glucose 
monohydrate, 66.09; isolated soybean pro- 
tein,’ 26.67; p ,L-methionine, 0.67; glycine, 


0.33; cellulose,‘ 1.00; Cas(PO,)s, 3.00; 
CaCO,, 0.09; NaCl, 0.75; KCl, 0.60; 
MgSO,, 0.22: choline chloride (70% ), 


0.29; plus the following expressed as milli- 
grams per 100 gm: vitamin A (384,000 
USP units/gm), 2.04; vitamin E (134,400 
I.U./pound), 22.3; vitamin D; (950,000 
USP units/gm), 0.06; thiamine-HCl, 1.98; 
riboflavin, 1.98; Ca pantothenate, 3.30; 
pyridoxine-HCl, 0.99; niacin, 3.96; folic 
acid, 0.66; biotin, 0.07; vitamin B,, (1 mg 
/gm), 3.30; p-aminobenzoic acid, 16.5; 
inositol, 165.0; menadione (63% ), 0.53; 
FeSO,-: 7H:0, 11 .O; CuSO,-: 5H.0, 1.1 4 
CoCl.-6H:O, 1.1; KI, 1.1; Na:MoO,-2H.0, 
0.11 4 ZnSoO,: 7H.0, 16.5; MnS0O,°H;0O, 
17.0; Santoquin,’ 15.0. Substitutions were 
made in this basal diet by varying isolated 
soybean protein, glucose, corn oil, cellulose 
and cholesterol. The dietary treaments 
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TABLE 1 
Effect of protein and fat content of diet on serum cholesterol 








Dietary treatment 


























4 Week Serum 
me Cm Protein Calories c:P weight cholesterol 
% % Cal./gm gm mg/100 ml 
1 0 18.4 3.16 0.172 389 118 
2 0 21.2 3.17 0.150 416 116 
3 i) 25.0 3.18 0.127 407 124 
4 0 29.0 3.19 0.110 407 137 
5 0 33.0 3.20 0.097 383 117 
6 10 25.0 3.73 0.149 480 153 
7 20 25.0 4.29 0.172 458 145 
8 10 29.0 3.74 0.129 459 152 
a 20 29.0 4.30 0.148 462 159 
Grouping of treatment results’ 
Diet no. 2 5 1 3 4 7 8 6 9 
Serum cholesterol 116 117 118 124 137 145 152 153 159 
Diet no. 5 1 3 4 2 7 8 9 6 
Body weights 383 389 407 407 416 458 459 462 480 














1 Two values not underscored by the same line are significantly different (P < 0.05). 


TABLE 2 
Effect of protein, energy and fat content of diet on serum cholesterol 

















Dietary treatment 
4 Week Serum 
7 - Protein Calories weight cholesterol! 
% % Cal./gm gm mg/100 ml 
1 i) 15 2.81 379 127 
2 10 15 2.81 401 133 
3 i) 15 3.25 331 128 
4 10 15 3.25 433 149 
5 i) 25 3.25 480 128 
6 10 25 3.25 518 133 
7 10 25 3.80 539 155 
Grouping of treatment results? 
Diet no. 3 1 2 4 5 6 7 
Body weights 331 379 401 433 480 518 539 








for each experiment are presented with the 
experimental results in tables 1, 2 and 3. 

Individual body weights were obtained 
at two and 4 weeks, feed consumption 
was measured and feed efficiency calcu- 
lated. At 4 weeks of age, a 5-ml sample 
of blood was obtained by heart puncture 
from 12 chicks receiving each diet. The 
serum was separated by centrifugation, 





1 Treatment differences not significant (P < 0.05). 
2 Two values not underscored by the same line are significantly different (P < 0.05). 


extracted with an acetone ethanol solution 
(1:1 by volume) and this extract analyzed 
for total cholesterol by the method @ 
Schoenheimer and Sperry (’34). All serum 
cholesterol values and growth data wert 
subjected to a statistical analysis and i 
experiments 1 and 2, treatment signif 
cance was determined by the multiple 
range test of Duncan (’55). 
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TABLE 3 
Effect of protein, energy, fat and cholesterol content of the diet on serum cholesterol 







































Dietary treatment 4 Week S. 
1 Protein Calories Corn oil Cholesterol weight cholesterol 
a % Cal./gm % % gm mg/100 ml 
it 15 2.81 i) 0 325 122 
15 2.81 0 1 336 121 
15 2.81 10 0 433 127 
15 2.81 10 1 418 435 
15 3.25 0 0 308 148 
15 3.25 0 1 316 124 
15 3.25 10 ") 428 126 
15 3.25 10 1 442 561 
15 3.69 10 0 404 163 
15 3.69 10 1 408 531 
~ 25 2.81 0 0 408 124 
25 2.81 r) 1 406 134 
y 25 2.81 10 ry) 416 119 
39 25 2.81 10 1 419 242 
= 25 3.25 0 0 469 130 
25 3.25 0 1 469 131 
— 25 3.25 10 0 513 119 
4 25 3.25 10 1 526 334 
30 25 3.69 10 0 558 137 
25 3.69 10 1 544 280 
RESULTS AND DISCUSSION but the following changes were noted. 
The results of a trial designed to deter- Levels of serum cholesterol did not appear 
mine the effect of varying the protein level to be influenced by the isocaloric addition 
di om serum cholesterol in the presence and 0f corn oil to the low-protein, low-energy 
absence of corn oil are shown in table 1. diet (2.81 Cal. per gm), but were elevated 
Five protein levels were used with the by adding corn oil to the median energy 
low-fat diets and two with the fat-supple- diet (3.25 Cal. per gm) at the same pro- 
tein level. At the higher protein level an 


afiected by varying the protein in either imcrease in serum cholesterol from the 
the low-fat or fat-supplemented diets, but 2ddition of corn oil was obtained only 
was increased in all instances where corn With the high-energy diet (3.80 Cal. per 
oil was added. It would appear from the 8™). The average weight gains were 
results that the protein level of the diet higher when chicks received diets supple- 
had no effect on the serum cholesterol ™ented with corn oil, with the greatest 
level either in the presence or absence of eSponse in weight being made when they 
7 com oil. Regardless of protein level, a received the diets with the isocaloric addi- 
539 statistically significant increase in growth on of corn oil to the low-protein median- 
3 tate resulted from the addition of corn oil energy diet. 
<sill in this trial. An attempt to clarify further some of 
The increase in serum cholesterol ob- the interrelationships between protein, en- 
tained in trial one from the addition of ergy and fat was made by conducting a 
wom oil could have been caused by the 2 X 3 X 2 X 2 factorially designed experi- 
increase in energy content of these diets, ment with variables of protein, energy, 
since no effort was made to keep the diets fat and cholesterol content of the diet, 
10d ot | ‘ecaloric. Therefore, a trial was designed respectively. All combinations of these 
tomake additions of corn oil isocalorically variables were used except 4 high-energy, 
a WER Et two protein levels using two energy low-fat diets which were impossible to 
and i # els at each protein level. The results formulate with the ingredients used. 
signi | f this trial are presented in table 2. The results of this trial are shown in 
ultiple Serum cholesterol values were not signifi- table 3 and a statistical analysis of the 
tantly affected by the dietary treatments data is presented in table 4. The effect 
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- mented diets. Serum cholesterol was not 
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TABLE 4 
Statistical analysis of results obtained in trial 3 
exiation Me Me 
vi an 

d.f. oquase a. f. equase 
P (protein ) 1 1,003,671! 1 197,258: 
E (energy) 2 90,539! 2 39,200! 
PE 2 165,143! 2 5,066 
F (fat) 1 312,118! 1 251,948 
PF 1 127,439" 1 143,611! 
EF 1 29,357! 1 20,073 
PEF 1 13,044 1 65 
C (cholesterol ) 1 194 1 613,048: 
cP 1 989 1 107,705! 
CE 2 1,366 2 24,713 
CPE 2 713 2 317 
CF 1 23 1 252,107! 
CPE 1 2,070 1 135,527! 
CEF 1 1 1 48,594! 
Error 385 4,094 212 9,131 
Total 405 232 
R? 0.56 0.70 





1 Denotes significance (P < 0.01). 


of the dietary variables and certain inter- 
actions on body weight and serum cho- 
lesterol was determined. Serum choles- 
terol levels did not appear to be influenced 
by dietary protein, cholesterol or energy 
content in the absence of fat. The low- 
protein (3.25 Cal. per gm) diet without 
cholesterol or fat had an unusually high 
cholesterol value but this appears to have 
been an anomaly that cannot be related 
to dietary manipulation. The addition of 
corn oil at each protein level resulted in 
an increase in serum cholesterol only 
when dietary cholesterol was present or 
the energy content of the diet was very 
high. When both dietary cholesterol and 
corn oil were present, serum cholesterol 
levels were high, but did not appear to be 
influenced appreciably by the level of 
energy. An increase in dietary protein, 
however, lowered the serum cholesterol in 
the presence of fat. This decrease was 
marked when both fat and cholesterol 
were present in the diet. The relationship 
observed between the levels of dietary pro- 
tein and serum choelsterol by various 
workers is, therefore, believed to exist only 
when some source of dietary fat is present. 
The mechanism whereby dietary protein 
lowers serum cholesterol remains obscure 
as no apparent relationship was noted be- 
tween actual protein consumption and 
serum cholesterol values. This observa- 


tion differs from that of Kokatnur et al. 
(58a) who related cholesterol elevation in 
the sera of mature birds to a reduction in 
total protein consumption. 

The results obtained indicate that in 
the absence of dietary fat, serum choles 
terol cannot be markedly altered by varia- 
tions of protein, energy and cholesterol 
content of the diet. This suggests that the 
effect of energy to protein ratio on serum 
cholesterol observed by Kokatnur et al. 
(58) does not exist in diets that are very 
low in fat. 

The isocaloric addition of corn oil at 
both protein levels resulted in an increase 
in body weight gains, with the greatest 
increase occurring on the low-protein diet 
at both the low and median energy levels. 
It appears that the chicks fed the low-fat 
diets had a fatty acid deficiency such as 
that reported by Machlin and Gordon (60) 
who were able to produce this deficiency 
as early as one week of age. The data 
indicate that the protein level of the diet 
influenced the severity of this deficiency 
as a greater response in weight gain was 
produced by the isocaloric addition of com 
oil at the low-protein level. 


SUMMARY 


Variations in dietary protein, energy 
and cholesterol failed to influence serum 
cholesterol levels in growing chicks when 
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fed a diet very low in fat. Increases of 
serum cholesterol were obtained by the 
addition of corn oil to a diet containing 
cholesterol. 
An inverse relationship between dietary 
and serum cholesterol was noted 
only when corn oil was present in the diet. 
This relationship was pronounced when 
cholesterol was incorporated in a corn oil 
supplemented diet. Growth responses 
were observed when corn oil was added 
isocalorically to the low-fat diet indicating 
that the chicks fed the low-fat diet may 
have developed a fatty acid deficiency. 
Greater growth response to the addition of 
corn oil occurred with diets low in protein 
which suggests that the protein level of 
the diet may greatly influence fatty acid 
deficiency. 
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Nitrogen Intake and Ribonuclease Activity in 
Normal and Tumor-Bearing Rats' 


J. B. ALLISON, R. W. WANNEMACHER, JR., L. P. PARMER anp 


R. GOMEZ 


Bureau of Biological Research, Rutgers University, 
New Brunswick, New Jersey 


Previous studies have demonstrated that 
the development of protein in the liver 
and tumors of rats was maximal when 
the ribonuclease activity of the tissue was 
minimal (Zigman and Allison, °59). 
These and other data have suggested a 
correlation between ribonuclease activity, 
ribonucleic acid (RNA) and the synthesis 
of normal and tumor tissue proteins 
(Hoagland et al., 58; Clark et al., ’57). 
The following studies were designed to 
determine in more detail the effect of 
dietary protein intake upon the growth 
of the Walker 256 carcinosarcoma, ribo- 
nuclease activity, ribonucleic acid (RNA), 
deoxyribonucleic acid (DNA) and protein 
content of tumor and liver tissues. The 
previous data demonstrated lipemia was 
associated with the growth of the tumor 
in the tumor-bearing animal or with the 
depletion in protein reserves in the nor- 
mal animal (Allison and Wannemacher, 
59). Further data have been obtained, 
therefore, to correlate nitrogen intake 
with serum cholesterol, phospholipid, and 
lipoproteins and glycoproteins in normal 
and tumor-bearing rats. 


METHODS 


Male Wistar rats weighing 100 to 150 
gm were fed a diet containing zero, 9, 12, 
18, 25, 35 or 50% of casein (Allison et al., 
54). In each diet group, 10 rats received 
transplants of Walker 256 carcinosarcoma 
and 10 animals were controls. Fifteen 
days after transplantation, the tumor- 
bearing and control rats were sacrificed 
and samples of liver, tumor and serum 
were taken for chemical analysis. Food 
intake and the body weight of each ani- 
mal were recorded throughout the experi- 
ment. 
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Serum proteins were separated by paper 
electrophoresis and stained with alcoholic 
bromophenol blue. Lipid was stained 
oil red O (Jencks et al., 55). The glyco 
proteins were analyzed by the technic of 
Kéiw and Grénwall (’52). Total serum 
proteins were determined by the Biuret 
method of Layne (’57), and ribonuclease 
activity was estimated by the technic of 
Brody (’57). 

The liver and tumor tissues from each 
rat were homogenized into a 20% suspen- 
sion with 0.1M phosphate buffer, pH 7.4. 
This suspension was used to determine 
total protein by the microKjeldahl assay 
of Pregl and Roth (’35), ribonuclease ac- 
tivity by the spectrophotometric method 
of Brody (’57), and nucleic acid phos 
phorus concentration by the procedure of 
Schmidt and Thannhauser (’45). 


RESULTS 


The data in figure 1 illustrate the in 
crease in RNA phosphorus and total pro 
tein in the liver of rats that were fed 
increasing intakes of casein nitrogen over 
a period of 15 days. A decrease of ribo 
nuclease activity in the liver and serum 
was associated with this rise in RNA 
Liver DNA-phosphorus per weight of tis 
sue was independent of nitrogen intake. 
These data support the concept that the 
development of the protein reserves i 
correlated with the quantity of RNA and 
that this quantity may be correlated with 
the ribonuclease activity. Reduced pm 
tein synthesis then could be associated 
with a high activity of this enzyme sy* 
tem. The data in figure 2 demonstrate 


Received for publication January 30, 1961. 
1 The studies were supported by a grant from 
the American Cancer Society. 
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NITROGEN INTAKE AND RIBONUCLEASE ACTIVITY 

















LIVER DNA P ai * LIVER RIBONUCLEASE 
ws 
0.3- 8 + 
aes = 
°o 
w Ole = nN 
2 
a OF tg 0.5 AX 
> i i 1 a l l i 
z > SERUM RIBONUCLEASE 
o “4 
«= OoBre ” 16rFO 
w z 
a WwW 
a 
= 
ast 2 12+ 
os 
© oNO 
LIVER PROTEIN: 5 i 
330 o st 
0.4F ; r ry ‘ P 
0 3 8 0 4 8 


NITROGEN INTAKE GM 


Fig. 1 The effect of casein nitrogen intake over a period of 15 days upon RNA-phos- 
phorus, DNA-phosphorus and protein in the liver and upon ribonuclease activity in the 
liver and serum of normal rats. 
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Fig. 2 The effect of casein nitrogen intake over a period of 15 days upon the growth 
of Walker 256 carcinosarcoma and the RNA-phosphorus, DNA-phosphorus and the ribonu- 
Clease activity of the tumor. 
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Fig. 3 The effect of casein nitrogen intake over a period of 15 days upon RNA-phos- 
phorus, DNA-phosphorus, ribonuclease activity and protein in the liver of tumor-bearing 


rats. 


that there was an optimum casein nitro- 
gen intake for tumor growth (Allison and 
Fitzpatrick, *60). Similarly, there was 
maximum tumor RNA phosphorus and 
minimum ribonuclease activity at the 
point of optimal growth of the tumor but 
the milligrams of DNA-phosphorus per 
gram of tumor tissue was not altered by 
the casein nitrogen intake. The DNA- 
phosphorus in the tumor tissue was ap- 
proximately three times that observed in 
liver tissue, this high DNA content of the 
tumor being correlated with the rapid 
growth of the neoplasm. These results 
involving DNA are similar to those pre- 
sented by Schneider and Klug (’46). 
Data in figure 3 illustrate the DNA- 
phosphorus, RNA-phosphorus, ribonucle- 
ase activity and protein in the liver of 
tumor-bearing rats at various nitrogen in- 
takes. These data may be compared with 
those in figure 1 for normal controls. 
Data in figure 3 demonstrate that at low 
nitrogen intake the ribonuclease activity 
was higher and the RNA was lower in the 
liver of tumor-bearing animals than in the 
normal controls. As the nitrogen intake 
was increased beyond the optimal for 
tumor growth there was a marked drop 


in ribonuclease activity and a rise in RNA, 
which was correlated with a rise in liver 
protein. These observations support pre- 
vious reports that increased nitrogen in- 
take protected the body from the depleting 
effects of the tumor (Allison, ’56). 
Data in table 1 record the effect of 
casein nitrogen intake upon serum pro 
teins and the lipid and carbohydrate mi- 
grating electrophoretically with these pro 
teins in normal and tumor-bearing rats. 
The depleting effect of the tumor at low 
nitrogen intakes is illustrated by the re- 
duced serum albumin in the tumor-bear- 
ing animals when compared with the 
controls. At higher nitrogen intakes the 
serum albumin was not altered by the 
tumor. These observations demonstrate 
an increase in the lipid migrating with 
the a-globulin in normal rats fed a pro 
tein-free diet as compared with those fed 
4 or more grams of nitrogen (P < 0.01). 
The rise in lipid migrating electrophoret- 
ically with the globulins in tumor-bearing 
rats reached a maximum at the point of 
optimal growth of the tumor. This rise 
is particularly marked in the 
fraction (P < 0.01). Similarly, the carbo 
hydrate associated with serum protein 
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fractions tended to become maximum at 
optimal growth of the tumor. Possibly 
this lipemia is associated, at least in part, 
with the stress of tumor growth and de- 
pletion in proteins which results in the 
alteration of oxidation and transport mech- 
anisms (Allison and Wannemacher, ’60). 


SUMMARY 


1. The RNA-phosphorus and protein 
content of the liver increased and the ac- 
tivity of ribonuclease decreased as casein 
nitrogen intake of normal rats was in- 
creased. The DNA-phosphorus content of 
po liver was independent of nitrogen in- 
take. 

2. There was an optimum intake of 
casein nitrogen for maximal growth of the 
Walker 256 carcinosarcoma transplanted 
into rats. The RNA-phosphorus was max- 
imal and the ribonuclease activity of the 
tumor was minimal at the point of max- 
imal growth of the tumor. The DNA-phos- 
phorus was high in the tumor tissue and 
independent of the nitrogen intake. 

3. The growth of the tumor at low- 
nitrogen intake resulted in a reduced RNA- 
phosphorus and an increased ribonuclease 
activity of the liver when compared with 
normal controls. The tumor had no effect 
upon DNA-phosphorus of the liver. 

4. Lipemia associated with the growth 
of the tumor was maximal during max- 
imal growth of the tumor. 
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Vitamin K in the Nutrition of Mink'’ 


HUGH F. TRAVIS,** ROBERT K. RINGER anp PHILIP J. SCHAIBLE 


Fur Animal Project, Department of Poultry Science, 
Michigan State University, East Lansing, Michigan 


Most mammals obtain part of their vita- 
min K requirements from synthesis by 
their own intestinal bacterial flora. How- 
ever, the anatomical and physiological 
limitations of the mink (Mustela vison) 
leave doubt as to its ability to obtain suffi- 
cient vitamin K in this manner. The di- 
gestive tract is only 4 times the body 
length, there is no caecum, and the rela- 
tively undifferentiated large intestine is 
only about one-third of the body length 
(Kainer, 54). Food passage is rapid, aver- 
aging less than two hours in mink with 
empty digestive tracts, and slightly more 
than two hours when food is continuously 
available (Wood, 56). Thus, the condi- 
tions for bacterial synthesis in the gut 
would appear more limited in mink than 
in most mammals. 

It has also been established that some 
mink containing the Aleutian genes for 
color (aa) have an unexplained bleeding 
from the mouth and digestive tract (Helm- 
boldt and Jungherr, 58) which could be 
associated with a deranged blood clotting 
mechanism. 

This study was, therefore, initiated for 
the following reasons: (1) to determine if 
mink require a dietary source of vitamin 
K; (2) to observe what effects certain anti- 
biotics and medicaments would have upon 
blood clotting time; and (3) to compare 
the whole blood prothrombin time of dark 
mink to that of mink containing the Aleu- 
tian genes (aa) for color. 


GENERAL PROCEDURES 


Animals were supplied with the experi- 
mental ration for a period sufficient to 
deplete their body stores of vitamin K, and 
then the effects of vitamin K in the ration 
were evaluated by observing the increase 
in prothrombin times. 

The method of determination was the 
whoie blood prothrombin time as modified 
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by Frost et al. (’56) using lyophilized ex- 
tracts as the source of thromboplastin.’ 
To obtain more uniform results, animals 
were bled by heart puncture using sili- 
conized needles, tubes and syringes. 

Mink were housed individually in con- 
ventional outdoor pens of 1 X 1-inch wire 
mesh with aluminum feeders and water- 
ers. Chicks used in the biological assay of 
the basal mink ration for vitamin K were 
raised in electrically-heated batteries with 
a wire floor mesh of % X ¥%-inch. In 
order to minimize coprophagy and/or 
bacterial synthesis, the pens, feeders and 
waterers of the mink and chicks were 
cleaned daily and the purified rations were 
kept refrigerated until fed. Data were 
subjected to analyses of variance, mul- 
tiple range and multiple F tests. 

Experiment 1. Thirty female sapphire 
(homozygous for the Aleutian gene) and 
30 female dark mink were used. Ten dark 
and 10 sapphire mink were started on 
each of the following treatments: (1) 
control ranch ration (table 1); (2) basal 
semipurified mink ration with no added 
vitamin K (table 2); and (3) basal semi- 
purified mink ration plus 7 gm of mena- 
dione sodium bisulfite (MSB)° per ton of 
feed. After 28 days, the whole blood pro- 
thrombin times were obtained with the 
results shown in table 3. 
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5 Difco EE100 was used as a source of thrombo- 
plastin for the chicks and Warner-Chilcott Sim- 
plastin was used for the mink. 

* Abbott Laboratories Klotogen F containing 
63% MSB (U.S.P.) was added to provide speci- 
fied amounts of vitamin K activity. 
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TABLE 1 

Composition of control ranch ration’ 

% 
Horse meat 26.7 
Ocean whiting 26.6 
Beef tripe 26.7 
Beef liver 5.0 
Cereal? 15.0 
Total 100.0 

1 Sufficient water added to make a hamburger 
consistency. 


2 Cereal %007, Kellogg Company, Battle Creek, 
Michigan. 





TABLE 2 
Composition of semipurified basal mink ration’ 

% 

Vitamin-free casein* 32 
Stripped lard* 14 
Cod liver oil 1 
Cellulose‘ 5 
Salts* 4 
Choline chloride (70% ) 1 
Sucrose 43 

Vitamin supplement —* 
Total 100 





1 Water added to produce a thick syrup con- 
sistency for mink. Ration fed dry to chicks. 

2 Vitamin-Free Casein, Nutritional Biochemical 
Corporation, Cleveland. 

3 Donated by Distillation Products Industries, 
Rochester, New York. 


These data show that there were no 
significant differences in whole blood pro. 
thrombin times due to treatment or ge. 
netic strain. Three mink receiving the 
purified ration without added K were con- 
tinued for two additional weeks with no 
appreciable increase in clotting time; their 
average clotting times being 17.3 seconds 
at the end of 4 weeks and 18.3 seconds 
at the end of 6 weeks. 

It is evident, therefore, that mink re. 
quire no more vitamin K than was present 
in the basal semipurified ration without 
vitamin K supplementation. To ascertain 
this value, a chick assay test was con- 
ducted on the semipurified ration which 
had been fed to the mink. A total of 100 
male Single Comb White Leghorn chicks 
were allocated equally to the following: 
lot 1, the mink semipurified basal ration; 
lot 2, vitamin K-free assay ration (Quick, 
57); and lots 3, 4 and 5, vitamin K-free 
assay ration plus 22.5, 90 and 360 mg of 
MSB (USP) per ton, respectively. 


TABLE 4 


Whole blood prothrombin times of 9- to 10-day 
old chicks receiving mink basal, chick basal 
and chick basal plus graded levels of 
menadione sodium bisulfite (MSB) 
from hatching time’ 

















*Solka-Floc, Brown Company, Berlin, New 
HThiltise d Hart (°35), cobalt chloride eee 
an " ¢ > prothrombin 
0.005% , added. nee time in 
* Vitamins and sue ashe oS walgnine ser seconds 
100 gm of feed added at expense of sucrose: ink semipurified basal 67.5+6.8 
arginine-HCl, 500.0; px-methionine, 300.0; thia- yitamin K-free chick basal 93.9+9.4 
mine-HCl, 0.5; pyridoxine-HCl, 0.5; riboflavin, Chick basal-+22.5mg/ton(MSB) 53.056 
1.0; Ca pantothenate A egies ), 3.6; nico- Chick basal +90 mg/ton (MSB) 26.5+15 
tinic » 5.0; 5 .0; p-aminobenzoic hick basal 111 
acid, 100.0; folic acid, 0.2; biotin, 0.05; a-tocoph. © prinatcoe shea cceatbd * 
erol, 8.0; vitamin B;. 0.015; and BHT (butylated 1Ten chicks/treatment. 
hydroxytoluene), 20.0. 2 Standard error. 
TABLE 3 
Whole blood prothrombin times of mink after receiving the specified experimental 
rations for 28 days 
Mean 
Rations test a. fo 
seconds 
Control ranch Dark 10 17.8+0.36' 
Sapphire 10 16.8+ 0.42 
Semipurified without vitamin K Dark 10 18.1+0.37 
Sapphire 10 17.2+0.28 
Semipurified plus 7 gm/ton 
vitamin K (MSB) Dark 10 17.4+0.33 
Sapphire 10 17.62 0.43 





1 Standard error of the mean. 
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MINK BASAL SEMI - 
PURIFIEO RATION 


VITAMIN K-FREE DIET 
PLUS MENADIONE 
SODIUM BISULFITE 
PER TON AS FOLLOWS: 


iG 22.5 MG. 





















1.0 1.5 


XxX 90 MG. 
© 360 MG. 
20 25 


LOG-DOSE OF MILLIGRAMS MENADIONE SODIUM 
BISULFITE PER TON OF FOOD. 


Fig. 1 Determination of vitamin K (menadione sodium bisulfite) level of mink basal 


semipurified ration using chick assay. 


TABLE 5 


Effect of terramycin, aureomycin or sulfaquinoxaline (SQ) alone and in the presence of 
vitamin K on whole blood prothrombin times of mink* 








Mean 
No. whole blood 
Lot Ration bin 
time in 
seconds 
1 Mink ranch diet 20 18.9+ 0.15" 
2 Terramycin, 400 gm/ton 10 19.6 + 0.27 
3 Aureomycin, 400 gm/ton 10 19.3+0.35 
4 SQ, 0.05% 10 21.6+ 1.02 
5 SQ, 0.06% 10 26.6+ 3.0 
6 SQ, 0.05% + vitamin K (1 gm/ton MSB) 10 21.2+9.8 
7 SQ, 0.06% + vitamin K (10 gm/ton MSB) 10 21.2+0.83 


Comparisons of means by analysis of variance and Duncan’s multiple range and multiple 
F tests: (values not underscored are significantly different at P < 0.01). 


Lot 1 3 2 
Mean 18.9 19.3 19.6 





6 7 4 5 
21.2 21.2 21.6 26.6 








1 Each group 8 to 9 days on experiment; half of group was bled on each day. 


? Standard error. 


Using the method of Almquist and 
Klose (’39) of plotting mean reciprocal 
prothrombin times against the logarithms 
of the vitamin K dosage, this test showed 
that the semipurified ration fed the mink 
contained 13 mg of MSB (USP) per ton 
(fg. 1). This demonstrates that adult mink 
need less vitamin K than 13 mg per ton 
of feed, air dry basis. A level as low as 





this would be virtually impossible to at- 
tain in a practical ranch ration. 
Experiment 2. In another phase of the 
investigation, the effects of certain medic- 
aments and drugs upon blood clotting 
time were studied. When sulfaquinoxaline 
was fed to mink as a coccidiostat, it upset 
the normal blood clotting process and 
caused severe hemorrhages in many cases 
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(Hartsough and Gorham, ’60). Since sulfa- 
quinoxaline affects the bacterial flora of 
the gut so that vitamin K is not produced 
(Kornberg et al., 44), aureomycin and 
terramycin which are also used in mink 
therapy were investigated. Results of this 
study are shown in table 5. 

Terramycin or aureomycin at levels of 
400 gm per ton did not significantly in- 
crease blood clotting time. Sulfaquinoxa- 
line at levels of 0.05% or more signifi- 
cantly increased clotting time. A level of 
10 gm MSB (USP) per ton decreased the 
clotting time when administered in the 
presence of 0.06% of sulfaquinoxaline, 
but did not lower it to the normal range. 
MSB fed at the rate of 1 gm per ton did 
not significantly decrease blood clotting 
time in the presence of 0.05% sulfaquin- 
oxaline. In preliminary studies, levels of 
sulfaquinoxaline of 0.1% or more caused 
death by cardiac tamponade (acute com- 
pression of heart due to effusion of blood 
into pericardium ) in about one half of the 
mink from which blood was drawn by 
heart puncture. 


SUMMARY AND CONCLUSIONS 


Experiments were conducted to ascer- 
tain: (1) whether normal adult mink re- 
quire vitamin K; (2) whether dark mink 
differ in this respect from sapphire mink 
which contain the Aleutian gene; and (3) 
whether sulfaquinoxaline or certain anti- 
biotics affect blood clotting time. 

The dietary requirement of normal adult 
mink was established as being less than 
13 mg of menadione sodium bisulfite 
(USP) per ton, or 6.5 ug per pound of 
feed. Practical ranch rations would con- 
tain much higher levels of vitamin K ac- 
tivity. 

The mean whole blood prothrombin 
time of sapphire mink (16.8 + 0.4 sec- 
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onds) was similar to that of dark mink 
(17.8 + 0.4 seconds). 

Sulfaquinoxaline fed for 6 to 8 days at 
the 0.05% level or higher significantly in- 
creased the whole blood prothrombin 
times. 

Menadione sodium bisulfite (USP) at a 
level of 10 gm per ton of food (fed as Kloto- 
gen F) reduced the blood clotting time of 
mink fed sulfaquinoxaline at a level of 
0.06% . 

Addition of aureomycin and terramycin 
at a level of 400 gm per ton of food when 
fed for 6 to 8 days did not significantly 
increase whole blood prothrombin times. 

Mink fed a semipurified ration had com- 
parable blood clotting times to those fed a 
typical ranch ration. 
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Effect of Methionine Deficiency on the Utilization of 


Energy by the Chick 


L. B. CAREW, JR. anp F. W. HILL? 
Department of Poultry Husbandry, Cornell University, Ithaca, New York 


The wide use of soybean oil meal as a 
major source of protein in animal nutri- 
tion and its moderate deficiency in sulfur 
amino acids, has led to extensive studies 
of methionine supplementation of diets 
based on soybean protein. Investigations 
of the requirement of the chick for methio- 
nine and total sulfur amino acids have 
been reviewed by Almquist (52) and Hill 
(53). More recently, the effects of dietary 
energy level on the methionine require- 
ment of the chick have been studied (Bal- 
dini and Rosenberg, 55; Rosenberg and 
Baldini, 57; Nelson et al., 60). Although 
the effects of amino acid deficiences on 
growth and gross efficiency of diet utiliza- 
tion (weight gain per unit of diet con- 
sumed) have been widely studied, little is 
known about the effects of methionine de- 
ficiency on the pattern of energy utiliza- 
tion by the chick. Because of the marked 
changes in growth and food intake that 
occur with amino acid deficiencies, it is 
generally assumed that changes in effi- 
ciency of energy utilization occur also. 

One interesting aspect of studies with 
methionine is the observation in several 
laboratories (Saxena and McGinnis, 52; 
Slinger et al., 53; Nelson et al., 60) that 
a higher level of dietary methionine is re- 
quired to produce maximal gross efficiency 
than is necessary to promote maximum 
growth. This work is interpreted to show 
that chicks overeat when fed a diet slightly 
deficient in methionine, and although 
maximal growth is attained, the additional 
feed required to reach maximal growth 
results in a decreased gross efficiency of 
feed utilization. Possible explanations for 
the decreased efficiency of feed utilization 
and the disposal of the additional food 
consumed appear to be as follows: (1) 
decreased digestibility of the diet; (2) de- 
creased net energy yield of the diet; (3) 
increased heat production; and (4) greater 
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storage of energy in the form of adipose 
tissue. The study to be described was con- 
ducted to determine which of these mech- 
anisms are involved. 


EXPERIMENTAL 


The methionine-deficient semipurified 
basal diet used in this experiment is pre- 
sented in table 1. The major source of 
protein was commercial, solvent-extracted 
dehulled soybean meal. The diet was sup- 
plerented with sources of unidentified 
factors and contained adequate levels of 
all nutrients known to be required by the 
chick with the exception of methionine. 
It contained 22.8% of protein and 315 
Cal. of metabolizable energy per 100 gm 


TABLE 1 
Composition of basal diet 





Glucose! 

Soybean meal (50% crude protein ) 
Corn oil 

Fish solubles (50% solids) 

Corn distillers’ dried solubles 
Glycine 

Minerals and vitamins? 

Chromium oxide mix* 


3 
w 
wS wanewaSia 
ae ownoooooem 


Chlortetracycline HCl 


1 Cerelose, Corn Products Refining Company, 
New York. 

* Supplies in mg/100 gm of diet: dicalcium 
phosphate, 3200; iodized salt, 300; manganese 
sulfate, 17; potassium iodide, 0.002; choline 
chloride, 140; niacin, 3; Ca-p-pantothenate, 2.5; 
riboflavin, 1; pyridoxine-HCl, 1; thiamine- : 
0.5; folacin, 0.2; menadione, 0.1; biotin, 0.04; 
d-a-tocopheryl acetate, 2.2; and vitamin Bys, 1 ug; 
— vitamin A, 1000 I. U.; vitamin Ds, 150 

* Contains 30% of chromium oxide in wheat 
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(air-dried basis). Using values estab- 
lished by microbiological assay in this 
laboratory, the basal diet was estimated to 
contain 0.29% of methionine and 0.60% 
of total sulfur amino acids. 

Male Rhode Island Red X Barred Ply- 
mouth Rock chicks were kept in electri- 
cally heated, thermostatically controlled 
battery brooders with raised wire floors. 
They were reared to two weeks of age with 
a stock diet adequate in all nutrients (diet 
E9 of Hill et al., 60). At this time, 9 lois 
of 10 chicks each were selected from a 
group of 350 in a manner similar to that 
of McKittrick (’47) based on weight and 
rate of gain. One lot of 10 chicks was 
killed to provide data on initial body com- 
position. Remaining lots of chicks were 
allocated to 4 treatments, duplicate lots 
being used per treatment. The experimen- 
tal period was from 14 to 28 days of age. 

Two diets were used: the methionine- 
deficient basal diet, and the basal diet with 
0.34% of added methionine. Each diet 
was fed ad libitum. Daily, at approxi- 
mately the same time each day, the 24- 
hour consumption of the lots fed each diet 
ad libitum was determined, and 60% of 
this average feed intake was then given to 
the chicks fed the respective restricted 
regimen. Feed wastage was determined by 
recovering it in shallow screened trays 
placed beneath the feeders. Water was 
supplied ad libitum. 

For analysis of body composition, the 
chicks were killed at the termination of 
the experiment by dislocation of the neck 
without loss of blood, the intestinal con- 
tents were removed, and the entire car- 
casses were frozen, ground and dried from 
the frozen state. For determination of 
metabolizable energy, 0.3% of chromium 
oxide was added to the diet as an index 
substance and excreta were collected at 
24-hour intervals during the last 4 days 
of the experiment. The methods used for 
carcass analysis and metabolizable energy 
determinations were those described by 
Hill and Anderson (58). 

A slight modification of the method de- 
scribed by Fraps (’46) was used to esti- 
mate productive (met) energy. It was 


partly for this purpose that chicks were 
fed at two levels of nutrition. The modi- 
fications were: (1) measurements were 
made using 10 chicks as a treatment unit 


rather than individuals, and (2) a value 
of 4.34 Cal. per gm for body protein was 
used in calculating energy gain, rather 
than 5.66 Cal. The latter change takes 
into account the energy of catabolized pro. 
tein which is lost as urinary products and 
cannot be used by the chick for productive 
purposes. The energy coefficient for pro. 
tein was reduced by the combustible 
energy of an equivalent amount of uric 
acid (from 5.66 to 4.34 Cal. per gm), 
This adjustment is similar to the correc. 
tion for nitrogen retention used in the 
measurement of metabolizable energy, 
Its use made the productive energy values 
more directly comparable to metaboliza- 
ble energy, and provided a more rational 
basis for relating tissue energy gains to 
metabolizable energy consumption. 
Gains in protein and fat during the ex. 
perimental period were determined from 
the difference between composition of the 
lots at 28 days of age and that of the 
group sacrificed at 14 days of age. 
Analysis of variance and comparisons 
of single degrees of freedom (Snedecor, 
56) were used for determining statistical 


significance. 


RESULTS AND DISCUSSION 


The results obtained for weight gains, 
feed consumption and gross efficiency of 
feed utilization are presented in table 2. 
The degree of methionine deficiency estab- 
lished in this experiment had no signifi- 
cant effect on growth rate when the diets 
were fed ad libitum. A significant de- 
crease (P < 0.05) in gross efficiency, how- 
ever, was observed with the deficiency of 
methionine, due mainly to an increase in 
feed consumption. Groups 3 and 4 fed 
the two diets at restricted levels showed 
the same relative differences as groups 1 
and 2. These data were in agreement with 
those discussed previously, showing that 
the methionine requirement for maximal 
growth was not adequate for maximal 
efficiency. 

The results noted for the metabolizable 
energy values of the diet are presented in 
table 3. No significant difference was 
observed in metabolizable energy values, 
and the small difference between treat 
ments 1 and 2 favored the methionine 
deficient diet. Therefore, the data in table 
3 clearly show that methionine deficiency 
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TABLE 2 


METHIONINE DEFICIENCY AND ENERGY UTILIZATION 







Effect of methionine on weight gain, feed consumption and gross efficiency! 








yy Feed Gain/unit 
Treatment 
2-4 weeks (dry matter) intake 
gm gm 
1 Basal diet, ad libitum 228 444 0.513 
226 431 0.523 
227 437 0.518 
2 Basal diet+0.34% methionine, ad libitum 230 411 0.560 
235 419 0.562 
233 415 0.561 
3 Basal diet, feed intake restricted 
to 60% of no. 1 127 263 0.483 
122 258 0.475 
125 261 0.479 
4 Basal diet+0.34% methionine, feed intake 
restricted to 60% of no. 2 132 248 0.533 
123 252 0.489 
128 250 0.511 





1 Italic data are the averages of duplicate lots. 














TABLE 3 
Effect of methionine on metabolizabie energy, productive energy and heat production! 
1 2 1-2 
eeeqnet Metabolizable Productive Ragmate 
aay oneray increment 
Cal./gm diet Cal./gm diet Cal./gm diet 
1 Basal diet, ad libitum 3.41 1.79 1.62 
3.39 1.85 1.54 
3.40 1.82 1.58 
2 Basal diet+0.34% methionine, ad libitum 3.34 1.71 1.63 
3.31 1.76 1.55 
3.33 1.74 1.59 
3 Basal diet, feed intake restricted 
to 60% of no. 1 3.41 
3.36 
3.39 
4 Basal diet+0.34% methionine, feed intake 
restricted to 60% of no. 2 3.38 
3.42 
3.40 





1 Italic data are the averages of duplicate lots. 


did not impair the chick's ability to metab- 
olize dietary energy. Since any change in 
digestibility of the diet would be reflected 
in metabolizable energy measurements, 
the decreased efficiency observed with the 
methionine-deficient diet cannot be attrib- 
uted to a lower digestibility of this diet. 
Pisano et al. (59) have studied the ef- 
fect of a methionine deficiency on nitro- 
gen absorption from the intestinal tract 
of the chick. Although these workers ob- 
served that chicks fed a methionine-defi- 
cient diet absorbed nitrogen more rapidly 


in the first part of the intestinal tract, no 
significant differences were observed in 
total nitrogen absorption between chicks 
receiving diets adequate and deficient in 
methionine. Our results, therefore, are in 
agreement with the concept that a methio- 
nine deficiency does not affect the total 
absorption of dietary nutrients. 

Also shown in table 3 are productive 
energy values as determined by carcass 
analysis technique. A difference of ap- 
proximately 5% was observed between 
the two diets. Since greater variability 
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than this is usually encountered in pro- 
ductive energy measurements, this differ- 
ence was not considered meaningful. 
Moreover, the numerical difference in 
values was in favor of the methionine-de- 
ficient diet, showing that the lower effi- 
ciency of feed utilization associated with 
this diet could not be due to decreased net 
energy yield. The difference between me- 
tabolizable energy and productive energy 
gives an estimate of heat increment per 
gram of diet consumed. These differences 
were almost identical, indicating that 
there was no difference in heat increment 
between the methionine-deficient diet and 
the methionine-adequate diet (table 3). 

Differences in carcass composition be- 
tween treatments were observed (table 4). 
Chicks maintained with the methionine- 
deficient diet showed significantly less 
nitrogen retention. It is well known that 
amino acid deficiencies and imbalances 
decrease nitrogen retention. Data on car- 
cass composition also showed that the 
methionine deficiency resulted in a greater 
fat deposition, both as a percentage of the 
carcass and in absolute amount. Although 
the deficiency of this amino acid limited 
protein synthesis, fat deposition was evi- 
dently not impaired. 

The deficient chicks stored more en- 
ergy than the methionine-adequate chicks, 
(table 5). Although the lack of methio- 
nine caused less energy to be stored as 
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protein, this was more than compensated 
for by the increased retention of energy as 
fat, with the result that the methionine. 
deficient chicks on treatment 1 had signifi- 
cantly greater total energy gains than 
those fed the adequate diet. 

The relationship between energy intake 
expressed as metabolizable calories, and 
the total gain in carcass calories for the 
two-week experimental period is shown in 
figure 1. The regression lines for the two 
treatments were established. For the 
methionine-deficient lots (treatments 1 and 
3), the line was described by the equation 
Y = 0.379X — 163. For the lots fed the 
methionine-supplemented basal diet (treat- 
ments 2 and 4), this equation was Y= 
0.414X — 205. No significant difference 
between regressions was noted, and all 
points fitted a single line having a corre- 
lation coefficient of 0.99. This line de 
scribes the distribution of ingested calories 
between tissue gains and heat production 
in relation to energy intake. The closeness 
of fit of all points to a single linear re- 
gression indicates that all lots, regardless 
of methionine adequacy, utilized their 
caloric intake with equal efficiency and 
that the differences in energy gain were 
due entirely to differences in energy con- 
sumption. Such an interpretation agrees 
well with the similarity of values obtained 
for heat increment per gram of diet as 
presented in table 3. 








TABLE 4 
Effect of methionine on carcass composition and body tissue gains’ 
Treatment Protein? Fat? Moisture ~ J Come 
% % % gm gm 
1 Basal diet, ad libitum 60.4 29.2 69.3 43.0 20.9 
58.8 30.8 68.9 42.4 23.3 
59.6 30.0 69.1 42.7 22.1 
2 Basal diet +0.34% 
methionine, ad libitum 63.0 26.8 69.5 45.1 18.0 
62.4 26.9 70.5 45.3 18.4 
62.7 26.9 70.0 45.2 18.2 
3 Basal diet, feed intake 
restricted to 60% of no. 1 64.4 24.1 71.6 22.4 5.9 
63.7 25.5 71.0 23.1 7.3 
64.1 24.8 71.3 22.8 66 
4 Basal diet+0.34% 
methionine, feed intake 
restricted to 60% of no. 2 68.3 20.9 69.3 25.3 3.5 
66.9 21.1 72.6 26.0 4.2 
67.7 21.0 71.0 25.7 3.9 





1 Italic data are the averages of duplicate lots. 
2 Expressed as percentage of moisture-free carcass. 
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METHIONINE DEFICIENCY AND ENERGY UTILIZATION 


TABLE 5 
Effect of methionine on energy utilization’ 


















Intake of 
ner meiabolable | Tite? glitta =a 
Cal./chick Cal./chick Cal./chick Cal./chick 
1 Basal diet, ad libitum 1514 187 195 382 
1461 184 218 402 
1488 185 207 392 
2 Basal diet +0.34% methionine, 
ad libitum 1372 196 168 364 
1387 197 172 369 
1380 196 170 366 
3 Basal diet, feed intake restricted 
to 60% of no. 1 897 97 55 152 
867 99 68 168 
882 98 62 160 
4 Basal diet+0.34% methionine, 
feed intake restricted to 60% of no. 1 838 110 33 143 
862 113 39 152 
850 111 36 147 





1Italic data are the averages of duplicate lots. 
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Fig. 1 Linear relationship between metabo- 
lizable energy intake and tissue caloric gains for 
chick fed an adequate diet (©) and one deficient 
in methionine (x). 


This relationship does not imply that 
all chicks retained the same proportion of 
ingested calories as tissue calories, since 
the line does not pass through the origin. 
The interpretation of this linear relation- 
ship is based on the view that all points 
fitting the line established by chicks fed 
an adequate diet represent treatments 
which did not alter overall energy utiliza- 
tion. Any treatments which decrease the 
efficiency of energy utilization would pro- 
duce points significantly below this con- 
trol line, and any increase in efficiency 
of energy utilization would produce a re- 








sponse above the line. Furthermore, when 
treatments lie on the control line, any dif- 
ferences in energy gains can be attributed 
to differences in energy intake. 

The validity of considering the relation- 
ship between food intake and energy gain 
to be linear may be questioned, since the 
data from this experiment are not suffi- 
cient to establish the nature of this rela- 
tionship. Previous studies in this laboratory 
(Hill and Anderson, ’58) have shown such 
a linear relationship for the combined data 
of several experiments in which a broad 
range of levels of food intake (from 30 to 
100% of ad libitum) was used. In other 
unpublished experiments we have found 
that energy gains of chicks fed graded 
levels of food intake over short (14-day) 
periods closely follow a linear regression 
which can be accurately established for a 
given experiment. The slope of the regres- 
sion varies between experiments, un- 
doubtedly due to differences in environ- 
mental conditions which influence the 
partition of energy between gains and 
heat production. 

From the regression equation calculated 
for the control chicks (treatments 2 and 
4), the average expected gain for the 
chicks in treatment 1 receiving the methio- 
nine-deficient basal diet ad libitum was 
411 Cal. The expected gain is slightly 


higher than that observed. Therefore, al- 
though the data of this experiment show 
that the methionine-deficient chicks made 
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greater carcass gains because of their 
extra intake of metabolizable calories, the 
small difference between expected and 
observed gains suggests that there was a 
slight decrease in the efficiency of energy 
utilization. This effect, however, was so 
small that it was not detected in the meas- 
urement of productive energy and heat 
increment, or by the partitioning of energy 
intake between tissue gains and heat pro- 
duction. 

The decreased gross efficiency observed 
for methionine-deficient chicks in this ex- 
periment may then be explained as fol- 
lows. The methionine-deficiency increased 
food intake, and more metabolizable en- 
ergy was consumed. There was also an 
increased synthesis of fat concomitant 
with a decrease in nitrogen retention, with 
the net result that more calories were de- 
posited as fat and less as protein. There- 
fore, there was a greater concentration of 
calories per gram of body gain. Although 
the increased energy consumed by the 
methionine-deficient chicks was metabo- 
lized with normal efficiency, it did not ap- 
pear as additional weight gain because of 
the change in body composition. 


SUMMARY 


The effects of a moderate deficiency of 
sulfur amino acids in the diet of young 
chicks on energy utilization were studied. 
The deficient diet (sulfur amino acids 
2.6% of protein) did not significantly re- 
tard growth, but produced lowered gross 
efficiency of gains as compared with the 
adequate diet (sulfur amino acids 4% of 
protein). No differences in efficiency of 
energy metabolism were observed based on 
determinations of metabolizable energy, 
productive energy, heat production and 
tissue gains. Chicks fed the methionine- 
deficient diet, however, had greater gains 
in tissue fat but lower gains of protein. 
As a consequence, the higher caloric in- 
take of chicks fed the methionine-deficient 
diet did not produce additional weight 
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gain. The differences in gross efficiency 
and in body composition produced by the 
methionine-deficient and methionine-ade. 
quate diets were shown to be due entirely 
to the differences in food intake. 
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ERRATUM 


Nicolaysen, R., and R. Ragard 1961 Effect of various oils and fats on serum 
cholesterol in experimental hypercholesterolemic rats. J. Nutrition, 73: 299. 


(Ms. error) On page 304, table 4 should have read as follows: 








TABLE 4 
Serum cholesterol values in long-term prophylactic test!” 
No. of Serum cholesterol 
rats 52 days 76 days 90 days 





Cod liver oil, 29.3% mg/100 ml mg/100 ml mg/100 ml 
iver . - 


polyenoic fatty acids 5 male 109 + 11° 131+11 111+5 
15 female 117+4 114+5 94+5 

Soybean oil, 61.1% 
polyenoic fatty acids 8 male 231+25 129+9 110+5 
15 female 166+17 136+ 10 122+6 





1 Diet: 10% of hydrogenated coconut oil, 1% of cholesterol, plus 2% of the test oil from the 
day the litter was born. 

* According to food intake measurements in these female rats when 90 days old, the 
daily intake of polyenoic fatty acids was about 75 mg for the females fed cod liver oil and 
about 150 mg for those fed soybean oil. 

3S.E. of the mean. 
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